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How to use this book 


This book has been carefully 
developed to help you understand 
the chemistry of the elements, 

In it you will find a systematic and 
comprehensive coverage of the basic 


qualities of each element. Each two- 


page entry contains information at 
various levels of technical content and 
language, along with definitions of 
useful technical terms, as shown in 
the thumbnail diagram to the right 
There is a comprehensive glossary 

of technical terms at the back of the 
book, along with an extensive index, 
Key facts, an explanation of the 
periodic table, and a deseription of 


how to interpret chemical equations. 


The main text follows the sequence of 
information in the book and summarizes 
the concepts presented on the two pages. 


Technical 
definitions. 











Substatements flesh 
‘out the ideas in the 
main text with 
more fact and 
specific explanation, 


Equations are 
written as symbols 
and sometimes 
given as “ball-and- 
stick” diagrams ~ 








Photographs and diagrams 
have been carefully selected 
and annotated for clarity. 


see page 48. 


Also... explains 
advanced concepts. 
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An element is a substance that cannot be broken 
down into a simpler substance by any known 

means. Each of the 92 naturally occurring elements 

is therefore one of the fundamental materials from 
which everything in the Universe is made. This book 
is about the elements zinc, mercury and cadmium. 


Zinc 
Zinc, symbol Zn, is the metal that makes the 
casing of most dry batteries and coats the world’s 
barbed wire fences. We usually see zinc as a dull 
gray metal, but when freshly polished, it is bluish- 
white in color. Zinc is very reactive and so is 
never found as native metal. Its reactivity makes 
it particularly useful because it readily attaches 
to other metals to make a zinc coating and easily 
mixes with other metals to make alloys such as brass. 
Compared with many other metals, zinc has 
a low melting point (420°C), an advantage for 
metalworkers of the past whose furnaces could 
not reach the temperatures we can achieve today. 
The Ancient Egyptians were the first to use zinc, 
although they did so unintentionally! They made 
their brass from copper ores that were contaminated 
with zinc and simply did not realize that they were 
using a combination of metals. By Roman times it 
was understood that zinc ore was needed to make 
brass, but nobody thought of any use for the metal 
on its own until the 18th century. 
As soon as scientists understood that a reactive 
metal could be used to protect iron, they began 
to use zinc much more extensively. They also 











(4). 











discovered a wide range of alloys in which zine can 
play a vital role. About one-tenth of all zinc is now 
used for making the cases of dry cells (dry batteries). 


Mercury 

Mercury, symbol Hg, is the only metal that is a liquid 
at room temperature. It is one of the rarest metals, 
and yet it is found in many homes — in the form of 
the silvery liquid in thermometers. 

Mercury is named after the planet and has been 
recognized since ancient times. This is perhaps because 
the bright red ore of mercury, called cinnabar, was 
attractive to ancient civilizations as a pigment for paint. 
Ancient civilizations also discovered that by simply 
heating the cinnabar, liquid mercury flows out. 

The Greeks named the element /iydrargyros, after 
its “quicksilver” properties. This is why the chemical 
symbol for mercury is Hg. 


Cadmium 

Cadmium, symbol Cd, gets its name from the old term 
for zinc ore, cadmia, because it was first discovered with 
zine ore. Like zinc, cadmium is a reactive metal that 
readily plates onto other metals. Its special advantage is 
that cadmium has a very low friction, making it ideal for 
use on ball bearings and other moving parts. But it is in 
batteries and in photoelectric cells that cadmium becomes 
part of everyday life. Every time street lights come on 
automatically at dusk, or we rely on the automatic 
exposure meter of a camera, we are making use of 
photosensitive cells made with cadmium compounds. 


4A piece of zinc reacting with dilute hydrochloric acid results in bubbles of hydrogen gas. 


(5) 














Zinc minerals 


Zinc is found among many other metals in places where rocks were 
once molten. Zinc makes about two-thousandths of one percent 
of the Earth’s crust, making it the 25th most common element. 
The most abundant and important zine minerals are zinc sulfide 
(sphalerite) and zinc carbonate (smithsonite). Zinc sulfide is the 
more common of the two, occurring as dark crystals. It is a soft, 
easily scratched mineral. Geologists can identify it among similar- 
looking minerals (such as lead compounds) by rubbing it on the 
surface of an unglazed tile, because it will always leave a mark 
with a strong brown color. Sphalerite is found in the 
veins that were formed above molten igneous rocks. 


V At the top of a magma chamber, hot fluids push their way into cracks 
and fissures in the overlying rocks. Here the liquids cool, and the minerals 
solidify as crystals. These places, called hydrothermal veins by geologists, 
are where miners look for zinc ores, especially sphalerite. 


Layers of sedimentary rocks are Hydrothermal veins in which 
pushed up by the rising magma minerals are concentrated 





\ 








Rocks around the hot magma Magma from below the 
chamber are metamorphosed, Earth's crust initially heats 


or char the surrounding rocks but 


eventually cools to form granite. 


ae (6) 











Smithsonite 

Zinc carbonate, also called smithsonite, is found 

most commonly in limestone areas in veins that also 

contain lead. Zine carbonate probably originated as 

a hot solution of zinc sulfide that was precipitated 

on reacting with the calcium carbonate (limestone 
Zine carbonate is an important source of zinc for 

the mining industry. The name smithsonite comes 

from a 19th century English chemist who was the first 

to discover zine carbonate in limestone. The prestigious 

Smithsonian scientific institution in Washington DC 

is also named for him, as he left a legacy in his will for 


its foundation. 


V The dark colored crystalline material is 
sphalerite. The brassy cubes are pyrite (iron sulfide) 





DP Pieces of zinc. 


crystal: a substance that has grown freely so 


that it can develop external Compare 








with crystalline, where the atom: not 





to form individual crystals, 





where the atoms are d irr 





rot water is 





hydrothermal: a process 
involved. It is usually used in the context of 
rock formation because hot water and other 


fluids sent out 





from liquid 





carriers of metals and the miner 





1 gemstones 


magma: the molten rock that forms a balloon 


shaped chamber in the rock 





low 








no. Ir is ted by rock moving upward 





trom below the crust 


sulfide: a sulfur compound that contains 


no oxygen 






¥ Zinc is best seen in its true bluish-white 
color on materials where it has been 
newly applied, such as these galvanized 
steel nails. Over time the zinc reacts with 
oxygen in the air to form a coating of zinc 
oxide, which is dark gray in color. 




















Extracting zinc from its ore 


Zinc is a very reactive element and so 
is not found as a native metal. Because 
it is reactive, zinc is difficult to separate 
from its compounds. and as a result little 
use was made of the element before the 
19th and 20th centuries. 

The main use of zinc was as an 
accidental constituent of copper by 
the Ancient Egyptians. It was only in 
1721 that German metallurgist Johann 
Henckel managed to extract zinc as 





a metal. Nevertheless, it was a century 
before it came into more widespread 
use because a commercial method of 
smelting the ore could not be found. 
In fact, in many c 


the cost of smelting zinc alone from 





ses even today, 


the low-grade ore in which it is 
found would make it uneconomic. 
However, it is usually associated with 
other elements such as lead, copper, 
gold and silver. Thus, by extracting 
a number of elements, zinc can be 
recovered economically. 

As with other low-grade ores, the 
metal has to be extracted in a number 
of steps designed to concentrate the 
ore and remove as much waste rock 
as possible before the expensive smelting 
process begins. 

When the ore has been enriched, 
it can be smelted; but to achieve the 
highest quality, a further stage of refining 
is necessary using an electrolytic cell. 


~~ 


Processing zinc ore 

The first stage of zinc processing 

is called froth flotation. The ore is 
crushed to a fine powder and placed 
into a vat with water and wetting 
and frothing chemicals. 

Jets of air are introduced into the 
vat, causing the frothing agents to 
make bubbles. The chemicals in the 
vat prevent the metals from becoming 
wetted by the water, Because they 
remain dry they can be caught up by 
air bubbles and lifted to the surface 
of the vat, where they can be floated 
off and collected. The wet particles of 
rock, by contrast, sink to the bottom. 

After flotation, the ore may be 
concentrated to produce up to one- 
half metal. At this concentration 
it can be roasted, which changes 








the zinc sulfide into zinc oxide. 

A byproduct of the roasting operation, 
sulfur dioxide, is usually converted to 
sulfuric acid and sold. 

Zinc oxide is then smelted with a 
supply of coke in a furnace. The coke, 
being almost pure carbon, reduces the 
oxide to metal and produces carbon 
monoxide gas, The zinc metal, which 
has a low boiling point, forms a vapor 
in the smelter, and this is distilled and 
collected in order to make it into 
ingots. The overall reaction is 
shown opposite. 








electrode: a conductor that forms one terminal 
ofa cell. 


electrolysis: an electrical-chemical process that uses 
an electric current to cause the breakup of a compound 
and the movement of metal ions in a solution. 

The process happens in many natural situations 

{as for example in rusting) and is also commonly 

used in industry for purifying (refining) metals or for 
plating metal objects with a fine, even metal coating. 


Bl electrolyte: a solution that conducts electricity. 


Water, oil, detergent 
Air and ore mixture 






/ era pare 
suspended in froth 


ore: a rock containing enough of a usefull substance 
to make mining it worthwhile. 


oxide: a compound that includes oxygen and one 
other element. 


heat. A blast furnace or smelter is the main equipment 
used. 


sulfide: a sulfur compound that contains no oxygen. 


i pyrometallurgy: refining a metal from its ore using 


Froth separation 










Gangue 


EQUATION: Removal of sulfur in zinc ore by heating 


Zinc sulfide + zinc oxide = zinc + sulfur dioxide 
SOx(g) 


ZnS) + 2ZnO0(6) © 3Zn(s) + 


Oxygen 
Zine 


Sulfur 


“4 This diagram shows the principle 
of the froth flotation process. 


Oil and detergent 
recycled 


Refining zinc by 


electrolysis 
If very pure zine is required, 





Desired predore the final impurities have to be 


removed by electrolysis. In this 
process an electric current is 
passed between two electrodes 
in a solution that conducts 
electricity. It is widely used 

to refine metals to high purity. 
The smelted zine is 
dissolved in sulfuric acid to 
form zine sulfate. The zinc 
sulfate solution is used as 

the electrolyte, and zinc metal 
is collected at the aluminum 


+> or stainless steel cathode. 


Zinc-plated sheets produced 
in this w: 
their electrodes by being 





are separated from 





melted in a furnace and then 
cast into ingots. 





(©) 











The reactivity of zinc 


Zinc is amphoteric, that is, it is soluble in alkalis 
and acids but insoluble in water. However, 
many of its compounds are soluble in water. 
Most zinc compounds are white. 

Few other common elements are more 
reactive than zinc. This, above all, makes 
zine useful for protecting other metals, such 
as steel. If steel and zinc are exposed to water 
(which contains dissolved oxygen and carbon 
dioxide gas), the zinc corrodes to zinc carbonate, 
while the steel remains unchanged. 








Reaction of zinc and copper : 
When a piece of zine strip is dipped into a solution of @A A zinc strip is laid 
copper sulfate, some of the zinc begins to react with it. across a dish containing 
Quite soon some of the copper in the solution Sp pet suite atu 
can be seen to coat the zinc, and the blue 
solution turns paler. Over time the zinc 
strip dissolves away, and the solution 
becomes completely colorless. 
The copper and the zine have 
reacted so that the zine atoms 
have lost electrons to the copper. 
As this happens the zine becomes 
soluble, and the copper, which 
now has the same number of 





electrons as protons (i.¢., it forms 
atoms), becomes insoluble and is 
deposited on the zine or as a fine 
powder at the bottom of the dish. 


Copper metal 
is precipitated 


EQUATION: Displacement of copper by zinc A. Tie coppers precpitasd 


Zinc + copper sulfate * zinc sulfate + copper ‘on the zinc, while some of the 


. ni zinc goes into solution. 
Zn(s) + CuSO,(aq) & ZnSO,(aq) + Cu(s) 8 





(10) 














acid: compounds containing hydrogen 

that can attack and dissolve many substances. 
Acids are described as weak or strong, 

dilute or concentrated, mineral or organic. 


amphoteric: a metal that will react with both 
acids and alkalis. 


JJ electrolyte: a solution that conducts electricity. 


least reactive 





‘A The reactivity series of metals shows 
that zinc is more reactive than copper. 


Also... 


The reaction of zine with a copper salt occurs because 
zinc is more reactive than copper. The transfer of 
electrons from one metal to another is the basis of 

all primary batteries (see page 12). Luigi Galvani was 
the first person to discover that when two metals are 
connected through certain types of fluid (electrolytes), 
then an electric current will flow, Galvani used iron 
and brass rods and the body fluids of frogs in his 
famous experiments of the 19th century (in which he 
made frogs’ legs twitch). Today zinc is commonly used 
as an electrode material in dry batteries, but all cells of 
this kind are called galvanic cells in honor of Galvani. 





‘A A piece of zinc reacting with dilute 
hydrochloric acid, The bubbles are hydrogen gas, 


EQUATION: The reaction of zinc with an acid 


_ Dilute hydrochloric acid + zinc ® zinc chloride + hydrogen gas 
B 2HClfaq) + Zn() a ZnCh(aq) + ~~ HAlg) 





Chlorine 




















Zinc cells 


On pages 10 and 11 we saw how zine 
reacted with a copper salt solution. The flow 
of ions involved in the exchange of metals is 
actually a flow of electricity, but this is not 
noticeable because the ions have not been 
channeled into an orderly flow (such as 
happens, for example, with the flow of 
electrons in a wire). The first person to 
make a cell that produced electricity was 
Alessandro Volta in 1796. He saw that if the 
zinc could be kept separate from the copper, 
then he could make ions flow in an orderly 
way within the cell. In this way he could 
create an electric current (of electrons) in 

a wire outside the solution. Using these 
principles, he created a chemical battery 
using an electrolyte of animal hide soaked 

in vinegar. 

The difficulty with the Volta cell was 
that one of the electrodes suffered badly 
from corrosion. To overcome this problem 
(and to make it possible to use a battery to 
supply a steady flow of electricity for the 
newly invented telegraph), in 1836 the 
British chemist John Daniell made a 
chemical battery with zinc, in a porous 
pot of zine sulfate and copper, in a flask 
of copper sulfate. When a wire was 
connected between them, ions could flow 
through the porous pot, thus producing 
a flow of electricity. 

Further development of the Daniell cell 
led to the Leclanché cell, or common dry 





V A Daniell cell. Notice that the current 
in the electrolyte is carried by ions, 
whereas the current in the wire of the 
external circuit is carried by electrons. 


Flow of electrons 


Zinc anode 


Porous cup 


Flow of anions 











I 


Zinc sulfate Copper sulfate 
solution solution 
Also... 


The natural voltage of a Daniell cell 
using zine and copper is 1,1 volts. 
The voltage of a dry cell (page 14) 
1s 1.5 volts. Other combinations of 
elements produce their own unique 
natural voltages. 





battery (shown on page 14). 





Secondary batteries made with zinc 
A secondary battery can be charged from an external 
source, causing a chemical change of the surface of the 
electrodes. When the battery is connected to a load, the 
chemical change reverses and electricity is given out. 

The most commonly known secondary battery, used 
in cars, is the lead-acid battery. However, zinc-silver 
batteries are also used as secondary batteries. They are 
much more expensive than lead-acid batteries but will 
produce a high current very quickly, and store about 
three times as much electrical energy per gram of. 
battery compared with lead-acid batteries. Their main 
use is for military purposes. 

Cadmium-silver batteries are used in the same way 
as zinc-silver batteries. Neither is able to store a charge 
for a long time, and chemical reaction occurs on the 
plates, resulting in a loss of charge. Zinc-cadmium 
batteries discharge at a high rate on demand, but they 
are also able to store a charge for long periods. 

The electrolyte used in these secondary batteries 
is potassium hydroxide. Each zine- 
1.6 or 1.8 volts (depending on the oxide of silver used). 
Dry zinc-silver batteries (in which the electrolyte is 
made into a paste) are sometimes used in hearing aids. 





Iver cell produces 





How a galvanic cell works 
Galvanic cells, of which the Daniell 
cell is a special example, are made 
of a container containing two 
compartments, allowing each 
electrode to be bathed in its own 
electrolyte. The compartments are 
connected by a salt bridge, an 
inverted U-shaped tube containing 
a jellified concentrated salt (usually 
potassium chloride). This allows ions 
to flow between the electrodes and 
complete the circuit. As we see on 
pages 14 and 15, in practical cells, 
such as “dry cells,” the salt bridge 

is reshaped and sandwiched between 
two electrodes. 


Zinc anode 


anode: the negative terminal of a battery 
or the positive electrode of an electrolysis cell 


cathode: the positive terminal of a battery 
or the negative electrode of an electrolysis cell 





cell 





vessel containing two electrodes and 
an electrolyte that can act as an electrical 
conductor. 


electrode: a conductor that forms one terminal 
ofa cell. 


electrolyte: a solution that conducts electricity 


that is part of an atom. The flow of electrons 
through a solid material such as. a wire produces 
an electric current. 


ion: an atom, or group of atoms, that has 
gained or lost one or more electrons and so 
developed an electrical charge. lons behave 
differently from electrically neutral atoms and 
molecules. They can move in an electric field, 
and they can also bind strongly to solvent 
molecules such as water. Positively charged 
ions are called cations; negatively charged 
ions are called anions. fons carry electrical 
current through solutions. 


| electron: a tiny, negatively charged particle 


Flow of electrons 


Copper 


a 
ad cathode 


Salt bridge 





As the anode oxidizes, 
electrons are released, making 
the electric current in the wire. 


Zinc sulfate 
solution 


\ 


The electrons passing 
through the wire cause 
reduction at the cathode. 


Copper sulfate 
solution 














Dry cells 


The dry cell is a portable form of 
chemical cell in which the zine acts 
as the case as well as an electrode. 
To prevent spillage of liquids, the 
solutions of the Daniell cell (see page 
12) are made into pastes. The dry cell 
was first made by Georges Leclanché. 
The problem with this arrangement 
is that the zinc is gradually used up 
in the reaction, so holes develop in 
the case and the cell begins to leak. 
This is the reason newer “leakproof ” 
cells were developed. 
Alkaline batteries are also Leclanché 
cells, but with a different electrolyte. 
All Leclanché-type batteries have 
a zinc anode (negative terminal) that 
also acts as a container and a carbon 
and manganese dioxide cathode 
(positive terminal). The electrolyte 
is ammonium chloride. The terminals 
are separated by a porous material that 
can be as simple as a sheet of paper. 
During use, oxidation takes place at 
the zinc anode, thereby corroding the 
zinc case. Manufacturers design the case 
to be sufficiently thick so that it does 
not corrode right through before the 
electrical energy has been used up. 


V A sequence of diagrams to show how the galvanic 
type of cell shown on page 13 can be modified to make 
the everyday dry cell. Notice that the copper electrode 
has been replaced with carbon, zinc forms the case, 
and the salt bridge has become a sheet of lining paper. 
By such modifications the dry cell can be made cheaply. 
Billions of dry cells are now made each year. 


(negative terminal) 





(positive terminal) 


Salt bridge 





Zinc anode 


Copper cathode 


(negative terminal) (positive terminal) 





Salt bridge 


Zinc anode 


Carbon cathode 







() 
Zinc anode Carbon cathode 
(cezative serminal) (positive terminal) 


ed 


Semipermeable 
membrane 
(salt bridge) 


Electrolyte paste 





(14) 





Also... gi electrode: a conductor that forms 


= ‘ one terminal of a cell (battery). 
The zinc dry cell is one of a number of primary dry batteries that use zinc = . 


In addition to the inexpensive zinc cell, alkaline, mercury and silver- MBeeSIseSS Gani aS 
containing zinc batteries are also made 
The only difference between the alkaline cell and the zine cell is that 


conducts electricity 


potassium hydroxide is used as the electrolyte. With this modification oxidation: a reaction in which the 

the power output can be kept high for a larger part of the cell's life than oxidizing agent removes electrons. 

with an ordinary ammonium chloride electrolyte. (Note that oxidizing agents do not 
Mercury dry cells are not as common nowadays because of concern over have to contain oxygen.) 





mercury poisoning. Mercury cells are essentially alkaline cells that use mercury 
oxide as the central terminal. Like other alkaline cells, mercury cells will 
maintain a steady voltage over more of their working life than ordinary cells. 

Cells made with silver chloride or silver oxide are also popular for special 
applications such as hearing-aid batteries. Silver chloride is used as the positive 
terminal and zinc as the negative terminal, with zinc, sodium or ammonium 
chloride as an electrolyte. 


Metal cap protects 
the brittle carbon 
terminal. 





Carbon rod acts 
as the positive 
terminal (cathode). 


AY The zinc casing 
of zinc batteries is the 
anode of the cell and 
therefore certain to 
corrode, as shown in 
the battery above. 
Eventually this will 
allow the electrolyte 
to leak out. The one 
below has a protective 
leakproof casing 






The solution (electrolyte) 
is made into a paste of 
manganese dioxide (MnO,), 
carbon and ammonium 
chloride (NH,Cl). 


The semipermeable 
membrane is in the 
form of a porous 
sheet of material, 
usually paper, lining 
the inside of the 
zinc case. 

Zinc case acts 

as the negative 
terminal (anode), 


(15) 

















Galvanizi 

Galvanizing takes its name from Luigi Galvani, 
one of the pioneers of electrochemistry. 
Galvanizing is the application of a thin layer 

of zinc over the entire surface of another metal, 


such as steel, in order to protect it from corrosion. 


Zine is a naturally reactive material and quickly 
reacts with air to produce an invisible gastight 
surface of zinc oxide. The advantage of zinc over 
other plating metals such as tin is that because it 
is more reactive than steel, zinc will still protect 
the steel even if the zinc is partly scraped away, as 


might happen if the surface were deeply scratched. 


¥ The main cables of the Brooklyn Bridge are made of bundles of galvanized cast 
steel wires nearly five millimeters thick. It was the world’s first use of galvanized 
wire for large structures, 











The reactivity of metals 

Some metals, such as iron, are subject 
to corrosion when placed in air or soil 
that is damp. 

By connecting metals together in 
a damp environment, a natural cell is 
formed. In a cell one of the electrodes 
(the anode) always corrodes, while the 
other (the cathode) remains 
undamaged. 

Metals higher up in the reactivity 
series (see page |!) will always protect 
those below them, with the more 
reactive metal behaving as the anode. 
Thus zinc will protect iron because 
it is above iron in the reactivity series. 

When the surface of zinc-coated 
(galvanized) iron is scratched, the iron 
could give up electrons to the oxygen 
in the air; but they are replaced 
by electrons released from the zinc. 
Thus, the iron suffers no change itself 
and does not rust, while the zinc is 
gradually used up. 











electroplating: depositing a thin layer 





e surface of another substance 





etal onto ¢ 


x electrolysis. 





flux: a material used to make it easier fora liquid to | 
flow. A flux disso 





+s metal oxides and so prevents | 





1 metal from oxidizing while being heated 





galvanizing: applying a thin zine coating 


to protect another metal | 


<4 Galvanized buckets being used to carry latex in 
a rubber plantation. It is important that the latex 
does not get contaminated by rust. The galvanized 
surface shows a crystalline pattern 


Galvanizing methods 


Galvanizing is done mainly by dipping metals 








in a bath of molten zinc. Before dipping, the 
metal is degreased using a solvent and any 
surface oxide is removed by dipping it in an 
acid (known as pickling). Then the surface has 
a flux coated on, in this case a solution of zine 
chloride that leaves the metal in a condition 
to take an even coating of zinc 

Most zine is plated at a temperature of 
about 850°C, The coat will only stick if the 
metal being coated reaches the temperature 
of the zine bath, so the metal must be 
immersed for a while. During the galvanizing 





process the zine partly amalgamates with the 


metal it is coating, and only the outer surface 





of the coat is pure zinc 
Objects that cannot be left in a hot bath are | 





galvanized using more expensive electroplating 
techniques. The object to be plated is made 
into the cathode of an electrolytic cell, while 
the anode (the source of the zinc) is made from 
a zine sheet. An electric current is then passed 
through the cell 

Galvanizing produces a coating of zine that 


is between 2 and 15 microns thick, different 





thicknesses being used for different purposes 


4 Galvanized steel roofs are one of the world’s mc 





common roofing materials. The one in the for 
of this picture has been painted 


make it look more attractive. 





e color of tile: 














Zinc protects large structures 


Objects such as ships, pipelines, oil or natural 
gas storage tanks and bridges are too large to 
be protected by galvanizing. Instead, they are 
protected either using paint or by connecting 
them to a number of large zinc blocks buried 
in damp ground. The moisture in the damp 
ground provides the electrolyte and allows the 
object and attached zinc block to behave as a 
battery. The zinc blocks supply ions to the steel, 
secoming corroded away in the process. The 
steel acquires the ions and releases electrons to 
the air. As a result, the iron is not corroded. 
The zinc blocks are called sacrificial anodes 
because they are the anodes of the cell that 
forms between the damp environment, steel 
structure and protective zinc block. The blocks 
are sacrificed to protect the steel structure, it 





being a relatively easy process to replace the 





zine periodically. 

















<4V The photograph on the left shows a section of 
the trans-Alaska pipeline being installed. To protect 

the steel pipe underground, twin ribbons of zinc are 
wrapped around it in a corkscrew pattern before the 
pipe is buried. The pipe and zinc ribbons are further 
protected by encapsulation in a plastic coating. 


Twin ribbons of zinc 





anode: the negative terminal of a battery or 
the positive electrode of an electrolysis cell 


cathodic protection: the technique of 
making the object that is to be protected 
from corrosion into the cathode of a cell 
For example, a material, such as steel, is 
protected by coupling it with a more 
reactive metal, such as magnesium. Steel 
forms the cathode and magnesium the 





anode. Zinc protects steel in the same way 


electrode: a conductor that forms one 





terminal of a cell 


electrolysis; an electrical-chemical 
process that uses an electric current to 
cause the breakup of a compound and the 


movement of metal ions in a solution. The 
process happens in many natural situations 


I} (as for example in rusting) and is also 
commonly used in industry for purifying 
refining) metals or for plating metal 

HM objects with a fine, even metal coating. 


§§ electrolyte: a solution that conducts 
electricity 





4 Zinc-based paints 
One increasingly important use of zinc is in the form 
of high purity powder called zinc dust, This can then 
be incorporated in corrosion-resistant paints and 
other coatings. This picture shows a zinc-painted 
section of the Sydney Harbour Bridge, Australia 























Brass and bronze 


When zinc is melted, it readily combines 
with a number of other metals to make 
metal mixtures, or alloys Of these the 
most important is brass, an alloy of zinc 
and copper with traces of other elements. 
In general, unless the proportion of 

zinc exceeds one-third of the alloy, 

the greater the proportion of zinc, 

the stronger the brass. 

Many types of brass are produced, 
each varying in the proportion of copper 
to zinc. The kinds of brass that are most 
easy to draw out into tubes or wires have 
relatively little zinc in them, perhaps 
one-fifth of the total alloy. The stronger 
brasses, with greater zinc content, are 
used for keys and other parts where 
strength and machinability are needed, 
and where softness would therefore be 
a major handicap. The strongest brass 
of all has one-third zine along with 
2% lead. It is known as leaded brass. 

Bronze is an alloy of copper 
significantly different from brass. 

Bronze is a copper alloy with tin 

as its major secondary constituent. 

Zinc 1s used to give the bronze important 
special properties, such as ease of casting. 


Comper Zine 































‘A Brass is usually made 
from about 64% copper 
and 36% zinc Adjusting 
the proportions produces” 
very different properties; 
for example, the alloy 
becomes harder as 
more zinc is added. 
Other metals can be 
added to produce 
additional qualities. 


V Brass is commonly 
used for musical 
instruments because 
itis relatively light, 
easy to shape, strong 
even when thin, and 
has an attractive color. 








V The first brass was made by the 
Romans about two thousand years ago. 
They found it especially valuable for 
making coins. Brass was also popular 
because it has an attractive color 
and it is much cheaper and 
stronger than pure copper. 
This is a brass “sanctuary’ 
knocker on the door 
of a cathedral 

































yet they 





P Bronze is usually 
made from about 
78% copper and 12% tin 
Adding zinc and lead to the 
bronze alloy produces a material 













also for its 





inability 





D Brass is cast (as in taps), 
machined (as in screw 
threads on plumbing 
connectors), or punched 
out and then machined, 

as in cylinder lock keys. 


The cylinder lock 
The cylinder or pin-tumbler lock, often 
popularly called the “Yale” lock after its 
American inventor, is made out of brass 
for a number of reasons. For example, 
brass:does not corrode readily, amajor 
advantage when using locks fitted to street 
doors that are exposed to the weather 

The pins, the cylinder and all the other 
components can be cast and turned easily, 
are strong enough to resist 


attempts to break the lock 


that is much more suitable for casting. 

An alloy with about nine-tenths copper and 
equal proportions of the other metals is called 
gunmetal. It was commonly used in cannon 
not only for its corrosion resistance but 


alloy: a mixture of a metal and 
B various other elements. 


corrosion: the slow decay of a 
substance resulting from contact with 


gases and liquids in the environment 





The term is often applied to metals 
B Rust is the corrosion of iron 





















Casting using zinc alloys 
g using lloy 
Casting, pouring liquid metal into a mold 
and allowing it to solidify, is a process used 
to make complicated shaped objects. It is 
one of the oldest metallurgical techniques 
and is used to produce many of the bronze 
and brass objects described in this book. 
The shapes produced by casting are also 
used in many machines. 





Two methods are used in casting. 
In the traditional method a mold is made 
to the required shape. It may be made of 
sand if the shape is not to be too precise, 
or it may be cut from another metal or some 
other hard material that will not melt when 
the liquid metal is poured. 

For most precision parts a different 


system is used. The mold is first made A The body of this vehicle 
component is cast in a zinc-based 


of metal or some other material that will alloy, Notice the rough texture 


stand up to high pressure. The molten to the surface due to the casting. 
metal is then injected into the mold. 

The crucial property of the metal being Y Die-cast models 

Sigs diccceatuocetharie cheuladeay Most metal model trains, vehicles and so on 
used for die-casting is that it should flow avaimade Withee ainebarad leh Weert 


die-cast process. This gives a high precision 


easily. A zinc alloy has just these properties. 
y y J PLOP CIs toy whose metals have no harmful effects 


A die-casting alloy is typically 96% zinc, (In the past lead alloys were also used, but 
a ‘ a lead compounds have subsequently been 
4% aluminum and trace amounts of copper diccowired te be Sekai te) 


Die-cast objects are also widely found in 


and magnesium. The addition of these other ; 
£ business machines and electrical appliances, 


metals makes the alloy as strong as steel. 

The addition of copper is crucial in ensuring 
that the casting doesn’t warp as it sets. 
The use of zinc in castings now 

consumes as much zine as is used 


in galvanizing. 








i alloy: a mixture of a metal and 
various other elements 


Y This sequence of diagrams shows the 
steps involved in preparing for casting. 


@P A “former” is made of 
wood or another hard but 
easily shaped material. This 

is placed in a box of tightly 
packed sand. A resin is added 
to improve the molding 
properties of the sand and 

to ensure the sand sets hard. 
The two halves of the box 
are clamped together. 








These shapes, called “nibs,” are 
added to provide paths for the 
flow of metal and escape of air. 


QV The wo halves of the 

containing box are separated, 

and the “former” removed 
» 


to leave the mold. 


aa 


VY The box halves are 
clamped together again. 
Molten metal is then poured 


into the mold and allowed 
to cool and form a casting. 
y OV The mold is opened, 


the casting removed and 
the “nibs” cut or broken off. 



































Compounds of zinc 


Most zine is used in alloys, but zine 


compounds also have widespread applications, 
from pesticides and fungicides to strengtheners 
in rubber. The special reflective properties 
of zinc oxide also make it extremely useful 


as harmless paint pigments (instead of lead). 


Zinc oxide 
Zine oxide (ZnO) is a common white compound 
of zine. It is prepared by heating zinc in a furnace 
and then oxidizing and finally distilling the vapor 
Zine oxide has a high refractive index, meaning 
that light is reflected from it easily. It is therefore used 
to provide the color (pigment) to white paint and 
to make a white glaze on ceramics. It is also used as one 
of the components for protecting skin from sunburn 
Zine oxide is extremely toxic to mildew and fungi, 
but harmless to people, so it can be used widely in 
the home, for example, in paints, in wallpaper adhesives 
ind as the foundation for many forms of makeup. 
Zine oxide is also used in rubber. By adding between 
3. and 5% zine oxide to the rubber, curing is made 
much easier. When used in tires, it helps to conduct 
heat away from the rubber so that the tires do not get 


too hot. It also increases the strength of the rubber 








<4 Zinc oxide is used as a sunblock because it is highly 
reflective. The sunblock shown in the pot and on this 
skier’s face has been colored for cosmetic purposes; 
the sunblock used on the skier's lips has no added colors. 

















A Zinc oxide is a common additive 
to white exterior and gloss paints. 








to kill 





Mts or animals 


pigment: any solid material used 


to give a liquid a color 


Zinc sulfide 

Zinc sulfide is deposited 

on the inside of fluorescent 
tubes (see also uses of mercury, 
p 
for televisions and computers 


> 35) and cathode ray tubes 





When bombarded by electrons, 
the particles of zine sulfide glow, 
producing the patterns of light 
that we interpret as images. 


Zinc chloride 

Zine chloride (ZnCl) is used 
is. a flux. It is also used as a 
wood preservative and in 


batteries (see page 15 


Zinc sulfate 

Zine sulfate (ZnSO,) is used 

in the manufacture of rayon 

It also makes an important 

trace fertilizer and is helpful 

1 a fungicide and pesticide, 

especially in citrus groves 
Zinc sulfate is also one 

of the chemicals in the 


frothing agent used in the 





flotation process for enriching 


metals (see page 8 














Mercury 
Mercury, or quicksilver, is a shiny liquid metal, 
thirteen and a half times as heavy as an equal 
volume of water. It is so dense that even lead 
can float on the surface of mercury. The name 
quicksilver, or living silver, came about from the 
silvery globules that form and roll around when 
mercury is poured onto a surface. 
Mercury is a rare metal, 
yet it was one of the first 





metals ever found. Its ore, 
called cinnabar, is bright red and was 
used by the Chinese for three thousand 
years as a color for paint. Cinnabar is also 
found in ancient Egyptian tombs dating 
back nearly 4,000 years 

The ancient Greeks used mercury as 
a medicine. In fact, mercury compounds 
can be used as disinfectants, but mercury 
itself is very toxic and can do far more harm 
than good! Mercury is poisonous because 





it can “switch off ” enzymes in the body. 

Mercury is a liquid between -39°C 
(at which it solidifies) and 35°C (at which 
it boils). It has a high surface tension, 
which is why it forms globules rather 
than spreading out over surfaces. 

Alloys of mercury with another metal 
are called amalgams. Mercury makes liquid 
alloys with gold, silver, copper and lead. 

Mercury gives off a toxic vapor when 
exposed to the air, even at temperatures 
well below its boiling point. This limits 
its uses in many applications. The main 
uses for mercury are as amalgams and 


in thermometers and barometers. 





© 


A Mercury's strong surface tension 
keeps the liquid formed as small 
globules. 


Cinnabar 
Mercury makes 83 parts per 
billion of the world’s surface 
rocks, just a little more plenuful 
than gold. It is not thought of as 
a rare metal, however, because it 
is found in naturally concentrated 
form. Its main ore is mercury 
sulfide (HgS), called cinnabar. 
To refine the ore, the rock is 
ground up and heated, causing 
mercury vapor to rise from the 
ore. The vapor is distilled. 
Cinnabar is found in places 
where there has been volcanic 
activity, where it was probably 
precipitated from hot waters 
rising above a magma chamber. 
The main mine for cinnabar is 
at Almaden, Spain. This mine has 
been worked since Roman times 








amalgam: a liquid alloy of mercury with another metal 








distillation: ¢ 
the vapors throu 


‘ocess of separating mixtures by condensing 





cooling. 





enzyme: org 
J that speed up chemical reactions, Every living cell contain 
© BM) hundreds of enzymes that act ro make sure the processes of 
B) life continue. Should enzymes be made inoperative, such 
| 


ic catalysts in the form of proteins in the body 





} as throu: 





mercury poisoning, then death follows 





ore: a rock containing enough of a useful substance to make 








mining it worthwhile 





surf 





ce tension: the force that operates on the surface of 
a liquid and which makes it act as though it were covered 


with an invisible, elastic film 


vapor: the gaseous form of a substance that is normally a liquid 


For example, water vapor is the gaseous form of liquid water 






Mercury vapor 
QV Red mercuric If mercury is heated in a glass tube, the liquid will give 


ide (HgO) is heated. ve 
oxide (HgO) is heate off vapor. The vapor will condense back to a liquid in 





the upper, cooler regions of the tube, producing a | 
mercury mirror 

The fact that mercury will vaporize readily is 
An ore 1s first 





extremely important for metal refining 
mixed with mercury to make an amalgam (see page 36) 
This separates the metal from its ore. If the amalgam is 

heated, the mercury vaporizes, leaving the desired metal 


behind. Gold prospectors use mercury extensively 












@P The powder turns black 
and begins to decompose into 
mercury and oxygen gas. 






@A The mercury 
on the 








inden: 


part of the tube, forming 








a mercury mirror 


N 
N 
| 











Reactions with mercury 


Mercury is one of the noble metals and 
thus is relatively unreactive. It will not 
react with either hydrochloric or sulfuric 
acid. However, fuming nitric acid, 
which is an extremely corrosive oxidizing 
agent, will react violently with mercury. 
Mercuric compounds will react more 
readily than pure mercury, as shown in 
the example at the top of page 29. 


@V Fuming nitric acid is added to a small amount of mercury 
(the shiny metal at the bottom of the beaker). This reaction 
produces mercuric nitrate and releases brown nitrogen dioxide. 





@A The violent reaction occurs. Notice that this 
is an exothermic reaction, giving out considerable 
amounts of heat. 





EQUATION: Mercury and nitric acid 


Mercury + nitric acid“ mercuric nitrate + nitrogen dioxide + water 
Hg) + 4HNO (1) ©  Hg(NO)(aq) + 2NO.(g) + 2H,0() 


(28) 














©P When water is added, 

the mercuric nitrate is dissolved. 
As the reaction is completed, 

a colorless solution of mercuric 


nitrate remains. 


(Notice that there was an 
excess of mercury used in 
this demonstration, which 
remains unchanged at the 
bottom of the beaker.) 


noble metals: silver, gold, 
platinum and mercury. These 
are the least reactive metals, 


E exothermic reaction: a reaction 
3 that gives heat to the surroundings. 
Many oxidation reactions, for 
example, give out heat, 
A 


oxidizing agent: a substance that 
removes electrons from another 
substance (and therefore is itself 


reduced). 


<4 When a solution of yellow potassium 
chromate is dropped into a colorless 
solution of mercuric nitrate, an orange 
precipitate of mercuric chromate forms. 




















Using liquid cury 
Mercury is the only metal that is liquid at room temperatures. 

It has a high coefficient of expansion, it is very dense, and it is a good 
conductor of electricity. Each of these properties has been exploited 

in applications from thermometers and barometers to electrical switches. 


The mercury barometer 
The fact that air has weight 

was discovered by Evangelista 
Torricelli in 1643, Using a tall 
tube that had been filled with 





mercury then inverted into a 

bath of mercury, he found that 
the mercury did not run out, 

but that a vacuum was created 
int 
the 
air pressure, 


he top of the tube and that 
mercury was supported by 


He noticed that the height 
of mercury in the tube changed 
with weather conditions, thus 
behaving as a measure of air 
pressure, This was the foundation 
of the barometer. 

All liquids can be supported 

in tubes; but since other liquids 








are less dense than mercury, the 
tubes have to be much taller 
before a vacuum space is created 
at the top. A tube using water, 
for example, would have to be 
10m high, whereas a tube using 
mercury only has to be 760 mm 
high. This makes a mercury-filled 
barometer a practical instrument 
to use, A mercury barometer is 


also known as a Fortin barometer. 


Mercury ~ 
DP A diagram of a 
mercury barometer. 


Container 


Vacuum 


Air 
pressure 

















Glass tube 
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columt 


Air 
pressure 









in 


The upper curved surface of the 
mercury is called a meniscus. It is the 
opposite of a water meniscus, which 
curves down rather than up. 


Mercury switches 
Mercury is a good conductor 
of electricity and can be used 
as a switch. 

A mercury switch is a closed 
tube containing two electrodes 
and a small amount of mercury. 
When the mercury runs between 
the contacts, an elec 
connection is made; if it flows 
away from the contacts, the 


ical 





connection is broken. 

This property can be used in 
two ways: for detecting movement 
and for detecting changes in 
temperature. In a tilting switch, 
as the tube tilts, the mercury flows 
away from one of the contacts 
and the electrical connection 
is broken, If the switch moves 
upright, the mercury flows back 
and contact is made once more. 

In a thermostat, as the 
temperature rises, the mercury 
expands until it touches the 
contacts and makes a connection. 
When it cools, it contracts from 
the contacts and the connection 
is broken. 














<4. A mercury thermometer. 





meniscus: the curved surfac 


ofa liquid that forms when 





rises 


in a small bore or capillary tut 











The mercury thermometer Phe insets Gozorues {had 
All metals expand and contract upward) for mercury and is 
considerably as the temperature rises and concave (sags downward) for water 
falls. Mercury has the added advantage of 
being a liquid. This means it can be placed 
in a narrow tube. Lighthouse lamp bearings 
By confining the mercury to a narrow Mercury has been used widely 
(small-bore) tube, the changes in volume inside lighthouses since the end 
of the mercury can be made to show up of the 19th century. Before this 
more easily time lights were fixed. But by 
Other liquids expand and contract floating the lights in a tank of 
with chai g temperature. Water mercury, the lights could be made 
and alcohol could both be used in to rotate quickly with almost no 
thermometers. However, mercury has a friction and using just a small motor 
wider range of use: it does not freeze until The process of floating lights on 
the temperature falls to nearly -40°C, and mercury led to a new way of using 
it does not boil until 357°C. By contrast lighthouses. Rotating beams could 
water freezes at 0°C and boils at 100°C be made to shine a unique pattern 


of light. This enabled sailors to 
V Toward the end of the 19th century, mercury baths identity each lighthouse by its 
were used to float the lamp housing in lighthouses pattern of beams 











ations 











Using mercury 


Mercury oxidizes in air when it is heated strongly, forming mercuric 
oxide, which is used in mercury batteries. These are small, powerful 
batteries with a very long life. 

Mercurous chloride is popularly known as calomel. It is normally 
seen as a white powder. Traditionally calomel dust was used as a 
teething powder for children because it stops the pain of teething. 
However, it can also poison children, so it is no longer used. 

Calomel has also been used as a protection for seedlings. Before 
planting, seeds were dusted in the powder; afterward the calomel 
was pufted along the rows. This was a good way of preventing 
clubroot pest developing in root crops. However, its use is now 
restricted because of environmental concerns. 

Mercuric chloride is soluble and was, along with arsenic, 
traditionally used as a poison. In a very dilute form it has 
been used to help bring on vomiting and as a diuretic. 

In modern use it is made into ointments designed to prevent 
fungal infections (mercurochrome) and as a disinfectant. 






Graphite anodes 


> A diagrammatic Chlorine 
representation of the 
mercury cathode or 
Castner-Kellner cell. 


A 


Brine fed in 


Spent brine 








‘A Calomel dust was traditionally 
used to protect seeds from harm 
before they germinate. 


Mercury 











The mercury cathode cell for making | cathode: the positive terminal of a battery or 
eiieune and sodiimivdeoside the negative electrode of an electrolysis cell 
Chlorine is one of the main chemicals used in 
modern plastics manufacture. The mercury 

cathode, also known as the Castner-Kellner cell 
after its inventors, is an electrolytic process using an 
electric current to dissociate sodium chloride (brine). 
It consists of a cell with a graphite anode and a bed 
of mercury as the cathode. Sodium chloride solution 
is used as the electrolyte. 

A huge current (about 300,000 amps which 
is about 6,000 times as much as a household might 
use with all of its appliances switched on!) is passed 
through the cell. Chlorine is released at the anode, 
where it is collected. 

Mercury is used as the cathode because it readily 
forms an amalgam with other metals. Sodium is a 
metal ion and makes an amalgam with the mercury. Steel casing 
When the mercury cannot absorb any more sodium, Solid mercury oxide (HgO) cations 
the amalgam is carried away and the sodium extracted 
and made into sodium hydroxide by reaction with 
water. The refined mercury is then reused and the 
sodium hydroxide sold to help pay for the process. 


V Mercury oxide batteries are used 
in cameras, watches, hearing aids and 
digital calculators. 


Potassium hydroxide solution 
‘on absorbent material Zinc anode 





Mercury dry cells 

Mercury dry cells are alkaline 

cells that use potassium hydroxide 

as the electrolyte and zinc metal 

and mercury oxide as the electrodes. 

ieee Hydrogen ae During the reaction the mercury 

oxide is reduced to mercury and the 

zinc is oxidized (see also page 14). 
Mercury cells hold a constant 

voltage for far longer than normal 





zinc-carbon dry cells, so small 
appliances can be maintained at 
their working voltages for longer. 
Mercury cells also have a greater 
power output per unit weight 
compared with carbon-zine cells. 
These characteristics have made 
them useful for a number of 
applications, including batteries 
for hearing aids, although concern 














about mercury in the environment 
is making them less widely available. 














Mercury vapor tubes 
Discharge tubes are glass tubes filled with a vapor of a metal, often 


mercury 





Electrodes are placed at both ends of the tube. An electricity 
supply is applied to the electrodes, and the vapor ionizes and glows. 
Mercury vapor lights produce a greenish-blue light. They are 
widely used for street lighting because they are much more efficient 

than ordinary (incandescent) light bulbs. 

Because the glow from a mercury discharge light is very harsh, 
the inside of the glass is often coated with a fluorescent material that 
in turn glows. By choosing the nature of the fluorescent material, 

a warmer white light can be produced. 

Discharge lamps can also be designed to produce brilliant, short 
duration flashes of light that can be used for night-time beacons 
for airfields, and for lighthouses and other direction-finding uses. 


Sunlamp 

Sunlamps use mercury vapor lamps 
to produce the ultraviolet rays that 
cause skin to become suntanned 


> Mercury vapor lamp 

Mercury vapor lamps are made of a glass bulb 
enclosing a quartz arc tube, Inside the tube are 
two electrodes, some argon gas and a small 
amount of mercury, The mercury vaporizes 
when an electric arc forms between the 
electrodes. (The blue color is part of the 
spectrum of light produced; the light also emits 
strongly in the ultraviolet part of the spectrum, 
but this is invisible.) 











A Mercury vap 
used to illumi 

















fluorescent: a substance that gives out 








visible light when struck by invisible waves 
such as ultraviolet 

phosphor: any material that glows wher 
energized by ultraviolet or electron beam 
sui as in fluorescent tubes and cathode 





ray tubes. Phosphors, stich as phosphorus 








emit light after the source of excitation is 
cut off. Th why they glow in the dark 
By contrast, fluorescors, such as fluorite 
only emit light while they are being excited 
by ultraviolet light or an electron beam 


vapor: the gaseous form of a substance 


that is normall 





1 liquid, For example, water 





por is the gaseous form of liquid water 


<4 This experimental design for a mercury vapor 
lamp is being tested in a laboratory. This lamp uses 
three times less energy than a conventional filament 
bulb to produce the same amount of light 


Fluorescent light tubes 
These tubes use a mercury are and a 


fluorescent coating (phosphor) to produce 





1 very efficient light for use in the home 
ind in offices and shops 

The first person to make a fluorescent 
tube was Antoine Henri Becquerel 
This was in the middle of the 19th century 
however, the fluorescent tube has only 
become widespread since the 1950s 

A fluorescent lamp has two heated 
coils, one at each end of a tube containing 
mercury vapor. A mercury arc is formed 
but the light emitted is mostly in the 
invisible, ultraviolet range. To change this 
into visible light, special phosphors are used 
as the coating on the inside of the glass 


These convert ultraviolet into visible light 





The main advantage of fluorescent tube 
is their high efficiency — they consum 
about one-quarter of the electricity of 
an incandescent bulb. They also ha 
2 life 


40 times that of an 


However, the 
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Amalgams 


An amalgam is a mixture, or liquid alloy, of metals with 

mercury. Amalgams are extremely useful. As early as 

the 16th century the Venetians used an amalgam of 

one part tin and two parts mercury as a reflective backing 

(called “silvering”) to make the world’s first glass mirrors. 

(Mirrors are now made with silver and aluminum.) 
Amalgams have been used for extracting precious metals 

such as gold and silver from their ores. They are used widely 

in industry (see the mercury cathode cell process on 

page 33) and in dentistry, where the metal 

fillings are amalgams with silver or gold. 


Mercury “eats” holes 
in thin sheet metal 
When mercury is dropped 
onto the surface of a thin 
sheet of shiny aluminum, 
the two elements form an f 
amalgam. Because the 





sheet is thin, all the i 
aluminum mixes with 

the mercury at the places | 
where the mercury { 
droplets settle. The result \ 
is a pattern of holes where \ 


the aluminum has simply 
become part of the amalgam, 
which then falls away. 

Because it is liquid, mercury 
cannot develop a coating of 
unreactive oxide. Thus it is 
particularly reactive with other 
metals, 


D Mercury forms an amalgam 
with aluminum, corroding holes 
in this aluminum foil sample. 














Amalgams in metal refining 

Mercury has long been used to extract gold, silver 
and the other noble metals from the small pieces 

of ore that are obtained from panning river beds. 

The panning process — swirling rock and ore grain 
around on a shallow plate — cannot completely separate 
the metal from the rock. If mercury is added to the ore, 
it dissolves the metal from the rock, forming a pastelike 
amalgam. The unwanted rock can then be washed away 


To extract the gold or silver from the amalgam, 





advantage is taken of the low boiling point of mercury 
The amalgam is heated over a fire and the mercury 
vaporizes, leaving the pure silver or gold behind. 

The mercury is collected by condensation and reused 





67, 


amalgam: a liquid alloy of mercury 
with another metal 


noble metals: silver, gold, platinum 
and mercury. These are the least 





reactive metals. 


<4 Smati-scale prospectors first remove as 

much sand and other waste materials as possible, 
concentrating their ore into the bottom of a pan 
as shown here. A small amount of mercury is now 
added and the pan is heated, so that the amalgam 
can be run off. This picture was taken in the 
famous Serra Pelada prospecting area of Brazil 


Dental fillings 
Dental amalgam is an alloy of 
12.5% tin, 






% mercury, 33% silv 





zinc 





2% copper and 0.5 

Fillings in the chewing surfaces 
of teeth are made of wear-resisting 
amalgams. The silver, tin and mercury 
are mixed together and forced into the 
cavity. The mixture then slowly hardens. 

Care has to be taken to carve the 
amalgam into the proper contour shape 
of the tooth as it is hardening but before 
it sets hard 

Plastic polymers (which can be white) 
are usually used in the front of the 
mouth, where amalgams would look 
unsightly. 





lai. 


‘A Dental amalgam on the end of a dental 
instrument about to be pushed into a cavity 
in a tooth, 











Mercury poisoning 


Mercury can be a benefit and a 
hazard. For example, mercurochrome 
is an organic mercury compound that 
acts as an antibacterial agent and an 
effective wound dressing. However, 
when mercury use is not controlled, 
disasters often follow. 

The hazards of working with 
mercury have been known for a long 
time. For example, inhaling mercury 
vapor can affect the nervous system 
and in extreme cases can cause severe 
pneumonia and death. The famous 
character of the Mad Hatter in 
Lewis Caroll’s Alice’s Adventures in 
Wonderland is based on the fact that 
mercury poisoning was common 


among the hatters of the 19th century. 


At this time it was usual to prepare 
the felt of hats using mercuric nitrate. 
Because of such problems, the 
use of mercury has been drastically 
reduced. However, some people 
still use mercury extensively, and in 
these situations mercury pollution can 
occur. In 1990 it was feared that gold 
mining operations in the Brazilian 
rain forest, where mercury is used 
to wash gold from sediment, had 
created pollution in the rivers and 
was responsible for poisoning fish 
and humans. 


D> The Mad Hatter (far right) 
from Lewis Caroll's story Alice's 


Adventures in Wonderland. 


Cosmetics and mercury 
poisoning 
In the past people placed considerable 
value on the colors that certain 
mercury compounds can produce, 
and they used them as cosmetics 
despite the obvious consequences 
to their health. By the 16th century, 
for example, a wide range of cosmetics 
was available. This included a bright 
red lip coloring, known as fucus red, 
which was actually mercuric sulfide. 
Use on the lips, it was constantly 
ingested along with food and drink, 
often leading to fatal consequences. 
Another substance, a skin lotion 
known as Soliman’s Water, was used 
to remove skin blemishes. It was made 
with sublimate of mercury. If used for 
long enough, it, too could have fatal 


consequences. 














‘A Unless great care is taken, mercury used in 
the gold recovery process (see page 37) can get 
into the water used for cleaning the gold and 
cause mercury pollution in nearby rivers. 





Methylmercury poisoning 

Methylmercury is an organic compound of mercury that is 
a very effective fungicide. It was first used in the 1940s as 
a treatment to prevent cereal seeds from rotting before they 
could germinate. However, the methylmercury remained 
on the seeds and was eaten by birds, accumulating in their 
livers and causing damage to their nervous systems. The 
birds, in turn, were eaten by animals farther up the food 
chain, concentrating the mercury even more. If such 


animals are eaten by people, th 
poisoning and thus a threat to 


ere is a risk of mercury 
human health. 


One of the more tragic examples of the careless use of 


mercury was the disaster at Minimata Bay in Japan in the 


1950s, As in many other parts of the world, mercury salts 


were discharged into the sea 





chemical factories. They settled 


along with other waste from 





to the bottom of the bay 


and were thought to be harmless. However, in the sea they 


were converted to poisonous n 


The methylmercury was then eaten by bottom-feeding 


animals (who dredge the muddy sediments), which, in turn, 


nethylmercury by bacteria 


were eaten by fish. When the fish were caught and sold at 


local markets, the mercury fina 
worked its way 





was a large number of children 
mental abnormalities. 


tht through the food chain. The 


lly reached people. It had 
sult 





born with physical and 
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© a dmi um Cadmium plating 


Cadmium is a reactive metal that 
Cadmium is a soft silvery-white metal, can be used in the same way as 
much like zinc. The name cadmium zinc to plate steel. A rare metal 
* Tee fal 4 like cadmium is used in place of 
comes from the Latin name cadmia fornacum. Beers hyailrsica ttl 
j - mae : % 
This means “furnace zinc” because it was not be attacked by alkalis such 
first discovered as a part of zinc ore. as caustic soda. Also, cadmium 
Cadmium is almost always found associated ©" be soldered; zine cannot. 


3 a ; a y ‘neh Cadmium is much more 
with zinc and is refined along with zinc from euensive hance sa theerale 





zinc ore. The ore sphalerite contains about to be plated with cadmium are 
one-fifth of one percent of cadmium. usually restricted to those that 
. . Il be in i i ts, 
Cadmium finds widespread use as a Niertertmsbosmes eset nt tS! 3) 
‘ 7 such as chemical plants. Nuts and 
catalyst, and its salts are used as coloring ibaits thatiare very lable tee 
pigments in the ceramics industry: up tight unless they are galvanized 
cadmium sulfides are yellow. are often plated with cadmium. 
. : - Cadmium has a low coefficient 
Cadmium reacts with acids to produce 


. of friction, so it is also used to 
soluble cadmium salts. coat some bearings. 


Test for cadmium 
compounds 

If hydrogen sulfide is 
bubbled through a solution 
of cadmium salts, bright 
yellow cadmium sulfide 

1s precipitated. This is 

used as a test for cadmium, 


P Hydrogen sulfide solution 
is added to cadmium sulfate, 
resulting in a yellow precipitate 
of cadmium sulfide. 





EQUATION: Testing for cadmium with hydrogen sulfide 


Hydrogen sulfide + cadmium sulfate « cadmium sulfide + sulfuric acid 
H,S(g) + CSO j(aq) 8 CdS(s) + H,SO,() 











Uses of cadmium’s low melting point 
Cadmium melts at 320°C, a very low melting 
point for a metal. This property is used in a 
number of ways. 

A special kind of solder containing cadmium is 
used to join pieces of aluminum. Like all solders, 
aluminum solder must be an alloy of metals that 
have a low melting point. Aluminum solder is 
made with 40% cadmium, 50% lead and 10% tin 

Alloys containing cadmium are also used 
in fire-extinguisher 





ystems. Such alloys are 





combinations of low-melting-point metals such 





as cadmium, lead and bismuth. These alloys have 
the special property that the melting point of the 
alloy is much lower than the melting points of 
any of the metals used 

One important application of an alloy using 
cadmium is in the fire-detector nozzles of 
automatic sprinkler systems used in places like 
hotels and stores, The nozzles are sealed with 
an alloy containing cadmium that melts at 70°C 


The heat from a fire will raise the temperature 





of the air near the ceiling, causing the alloy to 
melt and allowing the water in the pipes to be 
sprinkled automatically over the fire. 





‘A Cadmium is a dense metal that is used to shield nuclear 
reactors and as the moderating material for the control rods 
inside the reactor core. 
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precipitate: tiny solid particles formed as a result 
of a chemical reaction between two liquids or gases 


solution: a mixture of a liquid and at least one 


ee! 


other substance (e saltwater), Mixtures can 


be separated by physical means, for example 





(PUBS 


by evaporation and cooling 


Separating cadmium and zinc salts 
Zine and cadmium are similar in their 
behavior, so it can be difficult to separate 
them. One way of doing this is to add 
sodium hydroxide to the mixture of cadmium 
and zine salt solution. Hydroxides of zinc 

and cadmium are formed; but whereas zinc 
hydroxide is soluble in excess alkali, cadmium 
hydroxide is insoluble and so forms a 


precipitate. 


Cadmium in batteries 
Often it is more convenient to recharge 
a battery rather than to throw it away 
Cadmium is used with nickel to make 
leakproof and explosion-proof rechargeable 
batteries 
Rechargeable batteries are not widely used 
because they cannot supply the current that 
can be achieved from a disposable primary 
(dry) cell, and the charge quickly leaks away, 
meaning that the cells have to be recharged 
quite often, even if they have not been used 
The most common replacement for zinc 
The nickel 


cadmium cell produces 1.2 volts, slightly lower 


dry cells uses nickel and cadmium 


than the 1.5 volts of a carbon-zine primary 
cell. This can mean that unless the apphance 
is specifically designed for a nickel-cadmium 
cell, the performance of the appliance might 
be slightly below that obtained by using 
normal dry cells. Thus the brightness of 

a flashlight will be less using rechargeable 
batteries than ordinary zinc-carbon cell 
because the bulb is designed for cells of 1,5 


4 


screwdrivers are designed for nickel-« 


volts. On the other ha rtable 





motors in p 





idmium 


batteries and so suffer no loss of performance 














Cadmium and light sensitivity 


Cadmium compou 
of properties when 
them. One of the 1 
used properties is t 
conductivity that o 


nds exhibit a range 
ight shines on 
nost commonly 

he change in 


ccurs when light 


falls on cadmium sulfide. Cadmium 


borate is sensitive t 
and is used as phos 


TV tubes. Cadmiu 


be used as a materia 


electricity — a solar 


o ultraviolet light 
shor material on 

m sulfide can also 
that will generate 
cell. Most exposure 





meters 1n use are p 


1otoelectric 


instruments having either cadmium 


sulfide or selenium 
cells as light-sensiti 





photoelectric 


ve elements. 


Photovoltaic cells 

A device that generates electricity when 
light falls on it is called a photovoltaic 
or solar cell. 

A range of materials can be used for 
photovoltaic cells. Usually, two materials 
are put in contact, the most common 
being silicon, gallium arsenide, cadmium 
sulfide and cadmium telluride 

Solar cells made of cadmium sulfide 
can be made thinner and lighter than 
silicon cells, but they have a maximum 
efficiency of about 6%, as opposed to 


over 14% for silicon cells. 


V Cadmium compounds are among a range of 
substances that fluoresce under ultraviolet light 
These substances are called fluorescent phosphors, 
and they make the light-emitting coatings on 
cathode ray tubes and fluorescent tubes. 














Photoelectric devices 
A photoelectric device consists of a small piece 
of photosensitive material, such as cadmium sulfide, 
connected to a battery. 

When light shines on cadmium sulfide, 
its electrical conductivity increases sharply. This 
allows it to be used as an automatic switch in such 
situations as dusk-to-dawn street and home lighting 
and as the device in automatic-exposure cameras. 

Cadmium sulfide becomes a conductor when 
light reaches it because some of the light particles 
(photons) can make the electrons energetic 
enough to be free to flow, almost as though 
they were in a metal. 

Cadmium sulfide is especially sensitive 


to changes in visible light. 


How an automatic exposure system works 
This isa diagram of a circuit used in an automatic camera. 
The iris in the camera determines the amount of light that 
reaches the film. A number of small fragments of cadmium 
sulfide are placed in the path of the light to obtain an 
average value of the light entering the camera. The light 
causes a change in the conductivity (resistance) of the 
cadmium sulfide, 

The cadmium sulfide devices are used as though they 
were variable resistors. A small electronic circuit reads 
the values of the cadmium sulfide “resistors” and causes 
the iris to be adjusted until the amount of light reaching 
the film is appropriate for the correct exposure. 


@ Light rays enter 
through the camera lens. 


@ Motor adjusts the 


aperture of the iris 


(43) 







phosphor: any material that glows when 
energized by ultraviolet or electron beams 
such as in fluorescent tubes and cathode ray 
tubes. Phosphors, such as phosphorus, emit 
light after the source of excitation is cur off. 
This is why they glow in the dark. By 
contrast, fluorescors, such as fluorite, only 
emit light while they are being excited by 
ultraviolet light or an electron beam 


photon: a parcel of light energy 


semiconductor: a material of intermediate 
conductivity. Semiconductor devices often 
use silicon when they are made as part of 


diodes, transistors or integrated circuits 





@ Light falls on the 
cadmium sulfide chip, 

Z changing its conductivity, 
2 





\ 
\ 


@ An electronic circuit 
reads the conductivity value 
and engages the motor that 
adjusts the iris 














Key facts about... 


Zinc A soft, blue-white 


metal, chemical 
symbol Zn 


Melts at a lower 
temperature than most 
other metals (419°C) 


Required as a 
trace element by 
living things 





Good conductor 
of electricity 

A very reactive metal 

used to protect other \ 


metals from corrosion 
Good conductor 


of heat 


About seven times 


Has no taste 
as dense as water 


Atomic number 30, 
atomic weight about 65 


Mercury 


Asilvery, liquid metal, 
chemical symbol Hg 


Very dense metal 
(13.6 times as 
dense as water) 


Good conductor 
of electricity 


Easily flows to 


other shapes Good conductor 


of heat 


Only 83 parts per billion 


Has no taste 
of the Earth’s crust 





Atomic number 80, 
atomic weight about 201 











A soft, blue-white 
metal, chemical 
symbol Cd 


Cadmium 


Good conductor Has no taste 


of heat 


Melts at a lower 
| temperature than most 
other metals (321°C) 


Avery reactive metal 
used as a protective 
coating on steel 





SHELL DIAGRAMS | 
The shell diagrams on these S i 

‘two pages represent an atom of i 
each element. The total number 


Density 8.65 g/cc 


of electrons is shown in the 
relevant orbitals, or shells, 
around the central nucleus. 


Electron shell 


Atomic number 48, 
atomic weight about 112 


V When a solution of yellow potassium chromate is dropped into a colorless 


Aciek solution of mercuric nitrate, an orange precipitate of mercuric chromate forms. 


/ 


Nucleus containing 
protons and neutrons 
(called nucleons) 


























The Periodic Table 


rhe Periodic Table sets out the relationships writing a chemistry textbook and wanted to show 
among the elements of the Universe. According his students that there were certain patterns in the 
to the Periodic Table, certain elements fall into elements that had been discovered. So he set out 
groups. The pattern of these groups has, in the the elements (of which there were 57 at the time) 
past, allowed scientists to predict elements that according to their known properties. On the 
had not at that time been discovered. It can still assumption that there was pattern to the elements, 
be used today to predict the properties of he left blank spaces where elements seemed to be 
unfamiliar elements. missing. Using this first version of the Periodic 

The Periodic Table was first described by a Table, he was able to predict in detail the chemical 
Russian teacher, Dmitry Ivanovich Mendeleev, and physical properties of elements that had not yet 
between 1869 and 1870, He was interested in been discovered. Other scientists began to look for 


GROUP 


the missing elements, and they soon found them. 


es Metals 


Ra] Metalloids (semimetals) 
| Nonmetals 


il 2. 














Transition metals 














Lanthanide metals 


‘i 


Actinoid metals 











Hydrogen did not seem to fit into the table, and 
so he placed it in a box on its own. Otherwise the 
elements were all placed horizontally. When an 
element was reached with properties similar to the 
first one in the top row, a second row was started. 
By following this rule, similarities among the 
elements can be found by reading up and down. 
By reading across the rows, the elements 
progressively increase their atomic number. This 
number indicates the number of positively charged 
particles (protons) in the nucleus of each atom. 
This is also the number of negatively charged 
particles (electrons) in the atom. 

The chemical properties of an element depend 
on the number of electrons in the outermost shell. 


3 


Atomic (proton) number 





Approximate relative atomic mass 





Atoms can form compounds by sharing 
electrons in their outermost shells. This explains 
why atoms with a full set of electrons (like helium, 
an inert gas) are unreactive, whereas atoms with an 
incomplete electron shell (such as chlorine) are 
very reactive. Elements can also combine by the 
complete transfer of electrons from metals to 
nonmetals, and the compounds formed contain 
ions. 

Radioactive elements lose particles from their 
nucleus and electrons from their surrounding 
shells. As a result they change their atomic number 
and so become new elements. 
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Understanding equations 








As you read through this book, you will notice 
that many pages contain equations using symbols. 
If you are not familiar with these symbols, read 
this page. Symbols make it easy for chemists to 
write out the reactions that are occurring in a 
way that allows a better understanding of the 
processes involved. 


Symbols for the elements 

The basis of the modern use of symbols for 
elements dates back to the 19th century. At this 
time a shorthand was developed using the first 
letter of the element wherever possible. Thus 
“O” stands for oxygen, “H” stands for hydrogen 


Written and symbolic equations 


and so on. However, if we were to use only the 
first letter, then there could be some confusion. 
For example, nitrogen and nickel would both 
use the symbols N. To overcome this problem, 
many elements are symbolized using the first two 
letters of their full name, and the second letter is 
not in capitals. Thus although nitrogen is N, 
nickel becomes Ni. Not all symbols come from 
the English name; many use the Latin name 
instead. This is why, for example, gold is not G 
but Au (for the Latin aurum) and sodium has the 
symbol Na, from the Latin natrium. 

Compounds of elements are made by 
combining letters. Thus the molecule carbon 


In this book important chemical equations are briefly stated in words (these are called 
word equations) and are then shown in their symbolic form along with the states. 


What reaction the equation illustrates 


EQUATION: The formation of calcium hydroxide 


Written equation 


+ 


CaO6) 
Symbol‘equation ———_ 


Sometimes you will find an additional 
description below the symbolic equation. 


Diagrams 
Some of the equations are shown as graphic representations. 


Oxygen 
Hydrogen 


a 


Calcium Oo 


Calcium oxide Water 


Sometimes the written equation is broken up and put 
below the relevant stages in the graphic representation. 


~~ — Calcium oxide + water «> calcium hydroxide 
H,0() = ~~ Ca(OH),(aq) 


heated 


Symbol showing the state: 
Sis for solid, | is for liquid, 
gis for gas and aq is for aqueous. 


= 


Calcium hydroxide 


monoxide is CO, By using letters that are not 
capitals for the second letter of an element, it is 
possible to show that cobalt, symbol Co, is not 
the same as the molecule carbon monoxide, CO. 

However, the letters can be made to do much 
more than this. In many molecules, atoms 
combine in unequal numbers. So, for example, 
carbon dioxide has one atom of carbon for every 
two of oxygen. This is shown by using the 
number 2 beside the oxygen, and the symbol 
becomes CO , 

In practice, some groups of atoms combine as a 
unit with other substances. Thus, for example, 
calcium bicarbonate (one of the compounds used 
in some antacid pills) is written Ca(HCOs)>. This 
shows that the part of the substance inside the 
brackets reacts as a unit, and the “2” outside the 
brackets shows the presence of two such units. 

Some substances attract water molecules to 
themselves. To show this a dot is used. Thus the 
blue-colored form of copper sulfate is written 
CuSQ,.5H,0O. In this case five molecules of 
water attract to one copper sulfate. When you 





Atoms and ions 

Each sphere represents a particle of an element. 

A particle can be an atom or an ion. Each atom or ion 
is associated with other atoms or ions through bonds — 
forces of attraction, The size of the particles and the 
nature of the bonds can be extremely important in 
determining the nature of the reaction or the 
properties of the compound, 


This indicates that the 


compound is ionic. 





> This represents 
a unit of sodium > 
bicarbonate (NaHCO,). © 


The term “unit” is sometimes used to simplify 
the representation of a combination of ions. 





see the dot, you know that this water can be 
driven off by heating; it is part of the crystal 
structure. 

In a reaction substances change by rearranging 
the combinations of atoms. The way they change 
is shown by using the chemical symbols, placing 
those that will react (the starting materials, or 
reactants) on the left and the products of the 
reaction on the nght. Between the two, chemists 
use an arrow to show which way the reaction is 
occurring. 

It is possible to describe a reaction in words. 
This gives a word equation, Word equations are 
used throughout this book. However, it is easier 
to understand what is happening by using an 
equation containing symbols. These are also 
given in many places. They are not used when 
are very complex. 

In any equation both sides balance; that is, 





the equations 





there must be an equal number of like atoms on 
both sides of the arrow. When you try to write 
down reactions, you, too, must balance your 
equation; you cannot have a few atoms left over 
at the end! 





mbols in brackets are abbreviations for 
the physical state of each substance taking part, 
so that (s) is used for solid, (/) for liquid, (g) for 
gas and (aq) for an aqueous solution, that is, a 
solution of a substance dissolved in water, 


Chemical symbols, equations and diagrams 

The arrangement of any molecule or compound can 
be shown in one of the two ways below, depending 
‘on which gives the clearer picture. The left-hand 
diagram is called a ball-and-stick diagram because it 
uses rods and spheres to show the structure of the 
material. This example shows water, H,O. There are 
two hydrogen atoms and one oxygen atom. 


Bond shown 
by “stick” o 
J y 2 


Colors too 
The colors of each of the particles help differentiate 
the elements involved, The diagram can then be 
matched to the written and symbolic equation given 
with the diagram. In the case above, oxygen is red 
and hydrogen is gray. 








lossary of technical terms 


acid: compounds containing hydrogen that 
can attack and dissolve many substances 
Acids are described as weak or strong, dilute 
or concentrated, mineral or organic 


alloy; a mixture of a metal and various other 
elements 


amalgam: 3 liquid alloy of mercury with 
another metal 


amphoteric: metal that will react with 
both acids and alkalis 


anode: the negative terminal of a battery or 
the positive electrode of an electrolysis cell 


cathode: the positive terminal of a battery 
or the negative electrode of an electrolysis 
cell 

cathodic protection: the technique of 
making the object that is to be protected 
from corrosion into the cathode of a cell 
For example, a material, such as steel, is 
protected by coupling it with a more 
reactive metal, such as magnesium. Steel 
forms the cathode and magnesium the 
anode, Zine protects steel in the same way 


cell; 1 vessel containing two electrodes and 
an electrolyte that can act as an electrical 
conductor 


corrosion; the slow decay of a substance 
resulting ftom contact with gases and hguids 
in the environment. The term is often 


applied to metals, Rust 4s the corrosion 


of iron. 

crystal: 9 substance that has grown 

ficely so that it can develop external faces 
Compare with crystalline, where the atoms 
Were not fee to form individual crysta 

and amorphous, where the atoms are 
arranged irregularly 


distillation: the process of separating 
mixtures by condensing the vapors through 
cooling 


electrode: 1 conductor that forms one 
terminal of a cell 


electrolysis: an electrical-chemical process 
that uses an electric current fo cause the 
breakup of a compound and the movement 
of metal ions ina solution, The process 
happens in many natural situations (as for 
example in rusting) and 1s also commonly 
used in industry for purifying, (refining) 
metals or for plating metal objects with 


a fine, even metal coating, 


electrolyte: 4 solution that conducts 
electricity 


electron: a tiny, negatively charged particle 
that is part of an atom. The flow of electrons 
through a solid material such as a wire 


produces an electric current. 


electroplating: depositing a thin layer of a 
metal onto the surface of another substance 
using electrolysis, 


enzyme: organic catalysts in the form of 
proteins in the body that speed up chemical 
reactions, Every living cell contains 
hundreds of enzymes that act to make sure 
the processes of life continue. Should 
enzymes be made inoperative, such as 
through mercury poisoning, then death 
follows 


exothermic reaction: 3 reaction that gives 
heat to the surroundings. Many oxidation 
reactions, for example, give out heat 
fluorescent: a substance that gives out 
visible light when struck by invisible waves 


such as ultraviolet rays. 


flux: a material used to make it easier for a 

liquid to flow. A flux dissolves metal oxides 
nd so prevents a metal from oxidizing while 

being heated. 

fungicide: any chemical that is designed to 

kill fungi and control the spread of fungal 

spores. 

galvan 

to protect a 


g: applying a thin zine coating 
ther metal 


hydrothermal: 1 process in which hot 
water is involved. Ie is usually used in the 
context of rock formation because hot water 
and other fluids sent outward from liquid 
magmas are important carriers of metals and 
the minerals that form gemstones 


ion: an atom, or group of atoms, that has 
zained or lost one or more electrons and so 
developed an electrical charge. Ions behave 
differently from electrically neutral atoms 
and molecules. They can move in an electric 
field, and they can alo bind strongly to 
solvent molecules such as water. Positively 
charged ions are called cations; negatively 

-d ions are called amions. lons carry 
electrical current through solutions 


magma: the molten rock that forms a 
balloon-shaped chamber in the rock below 
a volcano. It is fed by rock moving upward 
from below the crust 


meniscus: the curved surface of a liquid 
that forms when it rises in a small bore or 
capillary tube. The meniscus is convex 
(bulges upwards) for mercury and is concave 
(sags downward) for water 


noble metals: silver, gold, platinum and 
mercury. These are the least reactive metals, 


ore: a rock containing enough of a usefull 
substance to make mining it worthwhile, 


oxidation: a reaction in which the 
oxidizing agent removes electrons 
(Note that oxidizing agents do not have 
to contain oxygen.) 


oxide: a compound that includes oxygen 
and one other element. 


oxidizing agent: a substance that removes 
electrons from another substance (and 
therefore is itself reduced). 


pesticide: any chemical that is designed to 
control pests (unwanted organisms) that are 
harmful to plants or animals 


phosphor: any material that glows when 
energized by ultraviolet or electron beams 
such as in fluorescent tubes and cathode ray 
tubes. Phosphors, such as phosphorus, emit 
light after the source of excitation is cut oft 
This is why they glow in the dark. By 
contrast, fluorescors, such as fluorite, only 
emit light while they are being excited by 
ultraviolet hght or an electron beam 


photon: a parcel of light energy 


pigment: any solid material used to give a 
liquid a color, 


precipitate: tiny solid particles formed as 
a result of a chemical reaction between two 
liquids or gases 


pyrometallurgy: refining a metal from its 
ore using heat, A blast furnace or smelter is 
the main equipment used. 


semiconductor: a material of intermediate 
conductivity. Semiconductor devices often 
use silicon when they are made as part of 
diodes, transistors or integrated circuits 


solution: a mixture of a liquid and at 
least one other substance (e.g., saltwater). 
Mistures can be separated by physical 
means, for example, by evaporation and 
cooling. 


sulfide: a sulfur compound that contains 
no oxygen 


surface tension: the force that operates on 
the surface of a liquid and which makes it 
act as though it were covered with an 
invisible, elastic film. 


vapor: the gaseous form of a substance that 
is normally a liquid. For example, water 
vapor is the gaseous form of liquid water 
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Leblanc, Nicolas 

Leclanché cell 6: 14 













Jeukemia 1 
Liberty Bell 5: 21 


ight 14: 7 
Iight-ematting diode (LED) 9: 34, 35 
ighthouse 6: 31 

lightning 113 6, 7. 22 

lignin 8: 18 


3: 22, 24, 4: 30, 
413: M4, 42 





3: 16, 38 
lamestone 1: 29, 34, 2: 28, 29, 3: 4, 
10, 12, 19, 20, 42 24, 26, 31, 
8: 10), 9: 38, 10: 7, 12: 
limestone rock 14: 3 
limewater 3: 7, 26 
himonite 4: 13, 15 
liquefied petroleum gas (LPG) 
Jiqund air 12: 17 
Hiquid crystal display (LED) 9: 37 
liquid nitrogen 11: 8.9 
litharge 10: 8, 18. 
Hiemus 1: 21, 142 15 
litmus paper 1: 20 
lode 5: 30, 36, 10: 34, 35 
lodestone 4: 12 
Jow-tevel waste 15: 41 
Jubnicating otf 1s 14 


M 


Macintosh, Charles 8 35 
magma 5: 30, 626, 9: 16, 21, 23, 
25, 29, 43, 10: 6, 34 
want chamber 9: 43 
sium 1: 18, 36, 325, 34-37, 
¥W, 45, 4: 6, 22, 6: 22, 7: 25, 
"1 33 
magnesium carbonate 3: 37, 43 
magnesium hydroxide 1: 32, 3: 42, 
rs) 
magnesium ions 3: 34, 40 
magnesium oxide 3: 3 
magnesium ribbon 3: 34, 37 
‘magnesium silicate 9: 27 
magnesium sulfate 13: 32 
magnetic flea 4: 39 
magnetic properties 4: 20, 44, 45 
magnetite 4: 12 
malachite 5: 7 
wm 
mangane 

























































34, 40-43, 45, 


7: 22, 9: 20, 29, 41,43 
arbonate 4: 42 
mn 


manganese 
manganese chlonde 1 
manganese dioxide 6: 15 
manganese nodules 44 











manganese oxide 4: 


manganese sulfite 
manganese sulfide 
mangrove 2: 16, 17 
20 





manu 

marble 

Maram grass 2: 17 

massicor 10: 

matches 1 

medhcines 1 

membrane 

“memory” brass 5: 19 

Mendeleev, Dmitry Ivanovich 
1-15: 46 

meniscus 6: 30 

mereune chloride 

mercuric chromate 

reuric nitrate 6: 

rcuric oxide 6: 32 

mercunec sulfide 6: 38 

mercurochrome 6: 32, 38 

mercurous chloride 6: 32 

mercury 1: 37, 5: 35, 42, 6: 5, 26- 
39, 44, 1: 37, 1 

mercury amalgam 14: 19 

mercury battery 6: 32 

mereury cathode cell 6: 33, 14: 18, 
9 

mercury cell 6: 15, 33 

mercury powoning 6: 38 

mercury vapor lamps 6: 34 

metal 1: 12, 32, 36, 2: 6, 42, 3: 6 
44,45, 4244, 45, Te 44 

MASE Ad 

32 

metamorphic rock 9: 20, 23, 24 

meteontes 4: 12 

methane 8: 6, 24, 28 

methanol 1: 4 

methyl benzene 13: 10, 14:7 

methylene chlonde 14: 31 

methyl group 9% 32 

methylmercury 6: 39 

methyl orange 1: 21, 35 

Mg 3:5, 45 

nica 7: 7, 9: 26 

microchip 9: 37 

mucrocrystalline 9: 14 

micronutnent 5 

eamismis 142 16 

microprocessors 9% 36 

uild steel 42 32, 33, 34 

Milk of Magnesta 3: 42 

muneral 2: 8:89: 9, 

























20, 























micro 








11, 12, 20, 21, 43, 12: 10, 
13 





13:1 
mineral acid 1 

13: 26, 
mining 2: 12, 5: 10, 30, 36, 38, 

7: W-11, 10: 6, 7, 12, 34, 36 
mirrors 5: 34, 5 
mixture 4: 
Mn 4:5, 45 
molecule 2: 

13:6 
molybdenum 42 34, 13: 12 
monoclinic crystal 1 11, 13 
monomer 13: 38, 39, 8: 32, 33 
monontde gas 10: 10) 





18, 19, 24, 25, 















27, % 11, 12:9, 











MOSFETs (metal oxide 
senuconductor field effect 
transistors) 9: 36 

mullite 9: 29 







murex 14: 42 
muriatic acid 14: 34 
muscles 2: 41 

muscovite 7: 6, 9: 26, 27 
mustard gas 13: 40, 1 


N 








6 


Nit: 4,44 

Nad: 4,44 

Nagasaki 15: 38, 39 

nail-polish 8: 29, 31 

nail-polish remover 8: 29, 31 

naphtha 1: 14 

napping 9: 14 

native copper 5:7 

nauve gold 5: 36 

nanve metal 

native silver 5: 30 

natural gas 8: 10, 13, 24 

negative terminal 6: 14 
Ne 1: 5,45 

neon 1: 38, 40, 45, 
neon” lights 2: 39 

neon tubes 1: 40) 

nerve cells 2: 18 
neutral 1: 20, 34 
neutralization 
neutralize 














34-35, 2: 31, 33 
1,25, 
neutron 1-15: 44, 15: 7, 8, 28 
neutron radiation 15: 8, 9 
nickel 4: 34, 36, 41, 5: 40, 
nickel-cadmium cell 6: 41 
ickel sulfide 13: 12, 25 











Nightingale, Florence 14: 16 
niobium=101 15: 29 
Tt: 20 





nitrate fort: 
nitrates 11: 20 
nitric acid 1: 18, 
5:14, 26, 
6.7.13, 30, 33, 36-37 
nitric acid, fom 
mitnic oxide 1: 26, 10: 17, 11: 7, 34, 
35, 37,1 
nutnfying bactena 11; 23 
nitrocellulose 11: 27 
nitrogen 1: 8, 16, 17, 42, 
1: 4-37. 44,1 
nitrogen cycle 1: 22-23 
nitrogen dioxide 1: 26, ¥ 
10: 17, 21, 11:5, 7, 30-33, 
34, 35, 37, 12: 13, 41, 42, 43 




























jonmetal B: 44 
nonstick 14: 37 
Novocame 14: 5 
NO, 11: 34-35 
n-type region 9: 34 
nuclear accidents 15: 36-37 

uuclear energy (nuclear power) 1: 6, 

15: 

nuclear fusion 
nuclear power station 15: 32 
nuclear reactions 15: 4, 7 
nuclear reactors 15: 34-35 
nuclear waste 15: 40 
anclear weapons 15: 38 
nucleons 9: 44 























nucleus 9: 44, 15: 4, 6,7, 8 
nugget 5: 36, 37 

nutnents 2: 16, 18, 20 
nylon 8: 31, 36, 37, 38, 39 


oO 






O12: 4,44 

obsidian 9: 15 

ocher 4; 15 

octane 1: 14 

octane numbers 10: 32 

ersted, Hans Chnstian 7: 12 

oil 8: 10, 13 

coils 1; 30, 

coil spill 8: 42 

oil-storage tanks 3: 37 

olivine 9: 21, 27 

1,6-diaminohexane 8: 36, 38 

ooline limestone 3: 10. 

opal 9: 14 

oral rehydration 2: 18. 

orbital shells 1-15: 44 

ore 3: 10, 4: 13, 17, 18, 24, 27, 36 
5:8, 6: 6,8, 7: 10, 11, 13, 1 
6, 8, 10, 34, 35, 36, 13: 12, 15, 

ore-flotation 


























eI 

organic acid 1: 18, 19, 30, 31, 2: 30, 
3:39 

onganic chemicals 8: 5, 20, 42, 43 

onganic compounds 8: 28 








organic solvents 14 
organochlonide 14: 28, 29 
oscillator 9: 37 
osmosis 2: 14-15, 16, 17, 19, 25 
oxalic acid 1: 30 
oyidation 3: 35, 4: 11, 13, 
31, 6: 14, 8: 10, 11, 18, 9: 29, 
12: 6, 14, 24, 25, 26, 34, 
14: 11, 14, 15, 16 
28,9, 17, 7:7, 8, 14, 24, 26, 














oxide 






oxidization 1 
oxidize 





16, 27, 30, 31, 40, 






13: 20 
oxidizing agent 4: 42, 43, 6: 28, 
11: 30, 12; 20, 37 





oxyacetylene 12: 16, 39 
oxygen 1:8, 10, 11, 
12, 14, 16, 22, 
7:6, 38, 39, 8: 10, 11, 18, 28, 
9; 9, 10, 26, 33, 38, 11: 7, 9, 
, 5, 15, 17, 44, 













oxygen cycle 1 

oxygen, test for the presence 12: 44 

ozone 11: 35, 12: 6, 12, 13, 42, 43, 
44, 14: 38, 39 

‘ozone layer 14: 38 


P 
Pat: 444 
p-type region 9: 34 
painkillers 14: 5 
paint 6: 19, 10: 
ppaint stripper 14: 31 
palladium 5: 28, 12: 41 
panning 5: 39 
paraquat 14: 29 
Parkes, Alexander 8: 31 
Parkes process 10: 10, 11 
patina 1: 29, 5: 4, 6, 27 
Pb 10: 4, 44 
PBB se polybrominated biphenyls 











5, 12:21, 32 














PCBs sve polychlorinated biphenyls 

pearl 3:4 

pentaerythrite tetranitrate 11: 27 

perchloric acid 12: 39 

percolate 3: 14, 15 

Periodic Table 1: 36, 38, 40, 46-47, 
1-15: 46-47 

permanent hardness 3: 38 

pesticide 2: 30, 6: 24, 







Pete Bog 1 

PETN 11: 97 

petrochemical plant 8: 26, 29, 44 

petrochemicals 

petroleum 8: 7, 

Pewter 10: 40 

pH 1: 20, 21, 28 

phenolphthalein 1: 21, 2: 6, 7, 
Ws 15, 

phosgene 143 26 

phosphates 11: 42 

phosphine gas 11: 39 

phosphor 6: 35, 42, 43 

phosphor bronze 5: 20 

phosphonic acid 10: 24, 11: 42, 











M), 5: 20, 9: 34, 
10: 41, 11:5, 44 

phosphorus oxide 11: 39 

phosphorus, red 14: 25 

photochemaical smog 12: 42 

photoelectric cell 6: 5, 42, 43 

photoelectric properties 10: 20 

photographer's hypo 5: 33, 13: 33, 
14: 43 

photographic films 8: 41 

photography 5: 32, 142 

photon 6: 43 

photosynthesis 8: 10, 11, 12: 6, 14 

photovoltaic cell 6: 42 

pickling 2: 

piezoelectric effect 9: 37 

pig iron 4: 24, 27, 28, 30 

pigment 4: 38, 6: 24, 40 

pitchblende 18: 22, 24 

placer deposit $: 39, 10: 36 

plaster 3: 5, 31 

Plaster of Paris 3: 31, 13: 12, 32 

plastic 8: 30-31, 43 

plastic, properties 8: 30 

plasties 14: 

plastic sulfur 1 

plaunum : 28, 10: 
12:41, 1 

playa lakes 14: 8, 9 

phayas 2: 10 

plumbing 10: 22 

plutonium 15: 26, 34, 35, 38 

poison 6: 32, 11: 38 

poison gas 14: 26 

pollutants 7: 42, 14: 16 

pollute 11: 20 

pollution 2: 20-21, 33, 3: 13, 
10: 12, 12: 40, 42, 13: 18, 19, 
22, 23, 15: 20 

polonium 15: 23, 

polonium 210) 15: 17 

polybrominated biphenyls 14: 29 

polychlorinated biphenyls 14: 28 

polychloroethylene 8: 33, 14: 10, 
22,23: 

polyester B: 31, 36, 37, 40, 41 

polyethylene 8: 31, 32, 14: 23 

polyfluoroethylene 14: 22, 23. 





2,43 















































polymers 8: 3-41 

polystyrene 8: 31, 33 

polytetrafluoroethylene 8: 31, 33, 
14: 36, 37 

polyvinyl benzene 8: 33 

polyvinyl chlonde 8: 33, see also 
polychloroethylene 

polyvinyl fluoride see 
polyfluoroethylene 

porous 3: 10, 4: 9 

porous bronze 5: 20 

Portland cement 3: 23 

positive terminal 6: 14 

potash 2: 40 

potash salts 2: 41 

potassium 2: 5, 40-45, 45, 4:6, 
7: 6,9: 11, 26 

potassium carbonate 

potassium chlorate 1 
23 

potassium chloride 6: 13, 14: 11 

potassium chromate 42 38, 39, 6: 29 

potassium dichromate 4: 38 

potassium-40 15: 11 

potassium hydroxide 2: 42, 4: 43, 

3 

potassium iodide 142 41 

potassium manganate 4: 42, 43, 
14: 15 

potassium metal 2: 42 

potassium nitrate 1: 27, 2: 40, 41, 
42, 43, 4:42, 43, 1: 4, 21 
26, 36, 12: 44, 13: 41 

potassium nitrite 2: 43 

potassium permanganate 
12: 21, 36, 37, 14: 10 

potassium phosphate 2: 40 

potassium sulfate 2: 40 

pottery 9: 28 

power stations 13: 

precious metal 5: 2 

precipitate 3 
4 

precipitation 

preservatives 1 

preserving 2: 

primary dry battery 6: 15 

printed circuits 5: 17 

procaine hydrochloride 14: 5 

protein chain 8: 36 

proteins 8: 10, 18, 36, 11: 4 

protons 1-15: 44, 3: 47, 9: 44, 
15:7,8 

prussian blue 42 15 

Pu 15: 5, 44 

PTFE 8: 33 

PYC 8: 33 see also 
polychloroethylene 

PVE see polyfuoroethylene 

pyrite 4218, 19, 21, 10: 17, 13: 12, 
13, 15, 16, 24 

pytolusite 4: $1 

Pyroxenes 9: 24 


Q 








41 14: 24, 











42,43, 


























quartz 42 18, 9: 10, 11, 12, 13, 14, 
15, 18, 26, 3 10 

quartzite 9: 16 

quicklime 3: 20, 





quicksilver 





radiated 7: 
radiation 1: 7, 10: 26, 31, 15:8, 
42.43 
tadianon sickness 15: 42 
radiation therapy 15: 43 
tadioactive decay 15: 16 
radioactive decay, graph 13: 16 
radioactive elements 15: 4, 6 
radioactive isotopes 1: 42 
radioactive tracers 1 
radioactivity 15: 5.7, 8-9 
radioisotopes 15: 17 














Ran William 1: 38 

rate of chemical reaction 

Ravenscroft 10: 22 

rayon 8: 38 

RDX 11: 27, 28 

reaction 3: 6 

reacnvity 2: 7, 42, 4:7, 
41, 6: 16, 7:6, 14, 244 
10: 16, 11: 10, 14: 

reactivity series 1: 36, 2: 
4:6, 40, 41. it 9, 4. 

11, 16, 7: 24, 10: 16, 39, 
12: 28 

recycling 7: 40 

red gold 5: 42 

red lead 10: 18, 24, 12: 22 

red mud 7: 17, 42 

red mud pollution 7: 42 

red phosphorus 11: 38, 40-41 

































redox reacnon 12: 24, 25 

reduced 4: 24, 10: 8 

reduc 

reducing agent 4: 25, 27, 5: 8, 
8: 16, 17, 1 

redtiction 4: 11 





12: 24, 25 
refining 5: 12, 31, 39, 6: 9, 37, 
7:12, 18-19, 12: 28, 29 
refining metals 1: 4 
reflection 7: 30 
reffigerants 14: 38, 39 
refigeration 11: 12 
reffigerator 14: 38, 39 
Reims cathedral 3: 13 
reinforced concrete 
rem (roentgen equivalent in man) 
15:43 
Teprocessed uranium billet 15: 45 
reprocessing, uranium 15: 25 


26, 13: 20 

















32 









resin 3: 41, 12: 20 
resistors 9: 
respiration 8: 10, 12: 14 


reverse osmosis 2: 14 
Rhizobium 11: 18. 

thodium 5: 42 

thombic crystal 13: 5, 10, 11 
thombohedral-shaped crystal 3: 9 
mings ej 

riveting 4: 
Rt: 3,45 
rocks 2 











rock salt 2: 8, 10, 12, 142 8, 9,19 
30 





Romans 1 
rubber 8: 34, 35, 9: 33, 13:38 
ruby 4236, 7: 8,9, 9: 13, 22, 12: 11 





rust 427, 8-11, 35, 7: 24, 1 

39, 12: 30, 32 
rust-inhibitor 11: 42 
Rutherford, Emest 1 


Ss 

S324, 44 

sacrificial anode 6: 18, 

salicylic acid 1; 

saline 2: 11, 20, 14:9 

saline dp 

saline solution 2: 9, 18, 19 

salinization 2: 20, 2) 

salt Az 32, 33, 34, 2: 6, 7, 8-17, 
18, 21, 24, 26, 28, 40, 13: 9, 
1428, 9, 19, 34 

salt bridge 6: 13, 14 

saltbush 2:17 

salt deposits 2: 8 

sale dome 2: 12, 14: 19, 13: 8 

salt pans 2: 12, 13, 40 

saltpeter 11: 4, 21, 13: 41 

salt polluaion 2: 

salts 2: 40, 41, 42 

sand 9: 38, 40, 

sand dunes 

sandstones 9: 18 

saponification 2: 34, 36, 37 

sapphire 

saturated 3: 6, 

scale 3: 10, 39 

schist 9: 20) 

scrubbing 2: 33, 13: 

seum 3: 40 

seasale 2: 13 

seawater 2: 13, 44, 45, 1434, 9, 
40,42 

seaweed 14: 4,9, 40 

secondary battery 6: 13, 13: 31 

sediment 9: 18, 21 

sedimentary rocks 9: 18 

sediments 2: 10 

selenide 9: 41 

selenium 6: 42 

senuconductor 6: 43, 9: 34, 35 

semipermeable membrane 1: 15, 
2: 14, 15, 16, 25, 6: 14, 15 

serpentine 9: 27 

sewage systems 14: 16 

shales 7: 36 

sheet minerals 

sheet silica 

shells, orbital 1-15: 44 

Si9: 4 44 

silica 4: 26, 9: 9, 10, 14, 16, 29, 35, 
38, 39, 42, 43, 10: 26, 11: 31 
12310 

sikeate 4: 40, 9%: 8,9, 11, 12, 14, 



































































silicate groups 9: 9 

silicates 12: 10 

silicon 4: 29, 30, 34, 6: 42 
9: 4,44, 10: 41, 12: 10 

silicon bronze 5: 21 

silicon carbide 8: 5, 9: 30 

silicon chip 9 4, 34 

silicone 9; 








silicon wafer 
silver 5: 5, 2! 

7 31, 10: 7, 11, 13: 
silver bromide 5: 32, 33, 14: 
silver chlonde 5: 32, 33, 14: 
silver chloride battery 6: 15 
silvering 5: 34 


















silver iodide 5: 32, 33, 14: 40, 43 

silver oxide battery 6: 15 

silyer rush 5: 30 

silver salts 5: 

silver sulfide 5: 29, 13: 25, 44 

sink holes 3: 12 

sinter 3: 17 

sintering 

slag 4: 24, 26, 27, 30, 40, 10: 10, 
12: 

slaked hime 32.24, 28, 112 14 

sluice box 5: 38, 10: 

smelling salts 11: 12 

smelter 7: 13, 18 

smelting 4: 

smithsonate 6: 6 

smog Hz 34) 12: 41, 42, 13: 22 

smoke detectors 15: 15 

smoky’ q) 

Sn 

soap 1: 30, 32, 

soda 254,30, 44 

soda ash 2: 29, 30, 7: 16 

soda glass 9: 39 

soda lakes 2: 41 

soda-lime glass 

sodium 1: 36, 2: 4, 6-39, 44, 7: 6, 
9: 11, 24, 38 

sodium alummate 2: 32. 7: 15, 17 

sodium azide 11: 29 

sodium bicarbonate 2: 2 
BOM, 8: 14 

sodium carbonate 2: 28-29, 30-31 
45,72 98, Be 15, 9: 39, 40 

sodium chlorate 14s 14, 24, 25 

sodium chlonde 1: 32, 2: 6.7.8. 9 
12, 13, 28, 24, 27, 29, 31, 


7, 5: MN, 6 8 


14, 6: 33, 9:9, 1329, 144, 8 


919,25 

sodium hydroxide 1: 30, 32, 34, 35, 
2: 6, 26, 27, 30, 32-35, 36, 42 
14, 15, 5: 27, 6: 33, 41, 7: 14 
15, 16,1 
20, 21 

sodium ton ts 34 
14: 8, 20) 

sodium metal 2: 6,7 

sodium pellet 2: 6 

sodium peroxydisulfate 13: 20 

sodium, radioactive 15: 20 

sodium stearate 2: 36 

sodium sulfate 13: 32, 33 

sodium sulfide 2: 33 

sodium sulfite 13: 20 

sodium thiosulfate 5: 33, 13: 33, 
14:43 

soclium triphosphate 11: 43 

sodium vapor humps 2: 4 

soil 3: 12, 24, 28, dz 160-17, 7: 43 

soil conditioner 3: 24, 28. 

solar cell 6: 42, 9: 35 

solder 10: 42, 43 

soldered 7: 20 

solder lasses 10: 27 

Soliman's Water 6: 38 

soluble 1: 32, 9: 38 

solution 2: 23, 34, 3: 12, 16, 27, 
4:7, 15, 17, 7: 13, 17, 
9: 13,15 

olition mining 2: 12 

Solvay, Emest 2: 28 

Solvay process 2 

solvent B: 28, 29, 41, 1s 7, 30 


SO, 13: 2. 

space suits 7: 30 

spectrum 1:38 

sphalenite 4: 18, 6: 6, 13: 12 

spontaneous combustion 11; 39, 
12:36, 37 

stable 9: 10 

stamless steel 4: 34, 35, 36 

stalact ry 

stalugmite 3: 14, 39, 44 

starches 8: 43 

stars 1: 6-7, 15: 

stationary phase 

steam 3: 24 


sterling silver 


stomach 1: 28 

Stone Age 9: 14 

stratosphere 12: 12 

seniations 4: 18, 

strony acid 1: 18, 19, 20, 13: 18, 19. 
6 


styrene 8: 33, 35 

styrofoam 8: 33 

subhmation 8: 14, 15 

sucrose 1 

sugor t: 24, 8: 10, 19 

sugars 12: 14 

sulfites 13: 12, 32-33, 43 

sulfide 10: 8 

sulfides 5: 6, 13: 8, 12, 16 

sulfites 13: 18, 32-33, 42 

sulfur 4: 19, 20, 21, 30, 40, 8: 34, 
35, 10: 10, 12, 11: 26, 13: 4, 
OM 

sulfur bridge 13: 39 

sulfur dioxide 2: 33, 42 10, 6: 8, 9 
10: 10, 12, 17, 12: 13, 
13:5,9, 14, 16, 18-23, 28 

sulfur, flowers 13: 7 

sulfuric acid 42 18, 24-25, 2 
33.45 18, 19, 42, 6 
8: 19, 10: 10, 16, 17 
1: 36, 42, 43, 13: 16, 18, 26- 
3134, 43 

sulfuric acid, dilute 5: 24 

sulfirrous acid 13: 18, 19 

sulfur oxides 7: 40, 43 

sulfur trioxide 13: 19, 28, 29 

Sun t: 6, 15: 30 

supernova 15: 31 

superphosphates 1: 24, 11: 

superphosphate fer 

suspension 4: 

swarf 4: 7 

swimming pool 14: 16, 17 

swimming pool disinfectant 14: 43 

switch 6: 30 

synthetic fiber 8: 381 

synthetic ivory 8: 31 


ah 


table salt 14: 4,9 
tule 9: 26 

tarnish 5: 29 
coamishing 13: 


tartane acid 1: 18, 30, 8: 14 


tear gas 14: 26 

technetium 15: 

teeth 3: 5, 33, 14: 37 

Teflon 8: 31, 33, 14: 36 
telluride 10: 

temperature, effect of salt 2: 24 
tempenng 4: 33 

temporary hardness 3: 38 
terephthalic acid 8: 37 
tetracthyl lead 10: 32 
tetrafluoroethylene 8: 33, 142 
tetrahedron 8: 8, 9: 9, 10, 12: 10 
tetraphosphonus trisulfide 11: 41 
thermometer 6: 31 
thermoplastic 8: 33, 14: 22 
thoron 15: 14 

Three Mile land 15: 36 


un can 7: 33 

tincture of iodine 14: 40 

tun dioxide 10: 35. 

tun onde 10: 34, 35, 36 

tun planng 10: 38, 39, 12: 33 
30, 31, 14 


toothpaste 2: 45 

topaz 12: 10 

Torricelli, Evangelista 6: 30 
tourmaline 9: 22, 23 
transistor 9: 36, 37 
translucent 9: 11 
tansmutation 15: 10. 
travertine 3: 8, 14, 16 
tnchloroethylene 14: 30 
tmmtrotoluene 8: 6, 11: 27 
tnpod 4:43 

tnitium 1: 44, 15: 4, 17, 21, 30, 38 
tungsten 42 34 

tungsten steel 4: 35 
turbines 7: 23 

turpentine 14: 30 


15: 4,44 
8: 30, 33, 


Universal Indicator 1: 20, 12: 18 


uranium fission 15: 28-29 
1 hexathuonide 14: 36 
1 oxide 15: 34 
235 15: 28, 29 


vanadium 4: 34, 12: 
vanadium pentomde 13: 


vinegar 

vinyl 8: 

vinyl chloride 8: 33; see also 
chloroethylene 


vinyl fluoride see fuoroethylene 
viscous 9: 43 

vitreous 2: 9 

Volta, Alessandro 6: 12 

voltage 9: 34 

von Liebig, Justus 5: 34 
vulcanization 8: 34, 35, 13: 38-39 


Ww 


water 9: 37 

wallboard 

washing 

waste glass 9: 40, 
water 1: 9, 10-11, 28, 


18, 8: 36, 9: 14, 

12: 4, 8,9, 14, 15, 18, 19, 38 
water of crystallization 13: 35 
water supplies 14: 16 
water-softener 3: 40 
waterproof 9: 33 
weak 13 29, 31 
weak acid 15 19, 20, 13: 18, 19 
weak alkali 1: 20 
weather 1: 29 
weathering 3: 12, 19, 9: 18, 19, 20, 

21 
weedkillery 14: 24, 29 
welding 12: 39 
Wet batteries 13: 3 
white gold 5: 42 
white lead 10: 24, 30, 
white phosphorus 11: 38-39 
whitewash 3: 2 
World War 1 8: 31, 13: 40, 14: 26 
World War IE 15: 38 
wrought bronze 5: 20 
wrought iron 4: 28, 29 


x 
Xe ds 5,45 


xenon 1: 38, 39, 42, 45, 15: 20 
senon-140) 15: 29 
Xerays 10: 26, 31, 15: 8, 14, 15, 36 


ginc-cadmium battery 6: 13 
zine carbonate 6: 6,7 

zinc cell 6: 12, 15 

zinc chlonde 6: 17, 25 

zinc hydroxide 6: 41 

zine oxide 6: 9, 24 

zine sulfate 6:9, 12, 25 

zine sulfide 4: 18, 6: 6,9, 25, 132 12 
zircon 9: 20), 21 

zirconium, 

Zn 6: 4,44 
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Elements is designed to provide an accessible 
approach to chemistry. Each volume carefully 
and concisely presents the characteristics, 
behavior, occurrence, isolation, and uses of the 
most important elements and their compounds. 
Laboratory demonstrations are illustrated with 
step-by-step photographs that are linked to 

real-world applications. A wealth of x 
definitions, facts, and supporting information 
ensures that readers will never be lost in this 
challenging but essential subject. 








Elements 
|. Hydrogen and the Noble Gases 
2. Sodium and Potassium 
3. Calcium and Magnesium 
+. Iron, Chromium and Manganese 
5. Copper, Silver and Gold 
6. Zine, Cadmium and Mercury 
7. Aluminum 
/ 8. Carbon 
9, Silicon 
10. Lead and Tin 
11. Nitrogen and Phosphorus 
12. Oxygen 
13. Sulfur 
14. Chlorine, Fluorine, Bromine, and lodine 
REINFORCED 15. Uranium and other radioactive elements 
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